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The external structures of the head, and the mouthparts in 
particular, are of considerable interest in making a study 
of the interrelationships and lines of descent of the different 
orders of insects; and it is of the greatest importance, in such 
a study, that we should know the correct homologies of the 
various parts, in order to determine what paths of development 
have been followed in deriving the higher types of insects 
from the lower ones. Many investigators have made the 
mistake of attempting to compare the higher types directly 
with the lowest ones without tracing the development of these 
types through a series of intermediate forms, Avith the result 
that the interpretations generally accepted as correct are 
frequently quite the reverse, and the true meaning of the 
different structures has not been fully grasped in many instances. 
On this account, I would devote the greater part of the following 
discussion to the consideration of such intermediate types as 
the Coleoptera, Neuroptera, etc., which serve to connect 
the IbwSrffnsects with the higher ones, since it is these inter- 
mediate forms alone which can furnish us with the key to the 
proper interpretation of the modifications of the parts met 
with in the higher forms. Consideration has also been given 
to the condition found in larval insects as well, for, although 
larval insects are usually modified in adaptation to their own 
peculiar environmental conditions, they frequently retain 
the head structures in a more primitive condition than their 
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corresponding adults do, and the clues obtained from an 
examination of the larval structures have amply justified the 
time spent in their study. 

Dr. F. C. Craighead has very generously permitted me to 
incorporate his observations on the musculature of the mouth- 
parts of an adult and larval Corydalis in this paper, and Figures 
11 and 14 of Plate III were drawn by him. Since the advance 
information which he has kindly permitted me to use, has not 
yet been published by him, I would emphasize the fact that the 
statements concerning the musculature of the mouthparts 
quoted in this paper should be accredited to him, as is indicated 
where such quotations have been made in the following 
discussion. 

Through the kindness of Mr. Nathan Banks, I was able to 
examine a number of interesting insects in the Harvard Museum, 
and many of the drawings of the heads of Neuroptera were 
made from this material. Since the specimens were dried, 
however, it was not always possible to see all of the parts 
very clearly, and many of the drawings from this source are 
therefore rather diagrammatic. I am also indebted to Dr. 
Edna Mosher for the loan of a Hepialis larva, to Dr. Cornelius 
Betten for the identification of the trichopterous larvae here 
figured, and to Dr. Needham and Dr. Tillyard for some 
extremely interesting and valuable neuropterous larvae. 

The principal papers dealing with the mouthparts and head 
structures of insects in general are those of Packard, 1882-1898; 
Chatin, 1884-1897; Waterhouse, 1895; Kellogg, 1902-1904; 
Comstock and Kochi, 1902; Verhoeff, 1904; Berlese, 1909; 
Crampton, 1916-1917, and Yuasa, 1920. Hosford, 1918, has 
also treated of the head structures of insects in general; but 
her paper is practically a review of Comstock's work. Peterson, 
1916, has recently written a fine paper on the head structures 
of Diptera, comparing them with the head structures of 
Orthoptcra; but unfortunately he did not make a study of 
intermediate forms connecting such primitive types as the 
Orthoptera with such highly specialized types as the Diptera, 
with the result that certain of his interpretations of the parts 
in Diptera are quite wrong, and other investigators such as 
Wesche, who have attempted to compare the structures of 
Diptera directly with those of Orthoptera, have fallen into the 
same error. 
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Despite the fact that a large number of papers have been 
published dealing with the head structures of insects, the 
boundaries of the various head scleritcs have not in many 
instances been clearly defined; and in the higher insects, such 
as the Diptera, the parts of the labium, for example, have not 
been interpreted correctly in the recent papers dealing with the 
subject. Even the most basic and fundamental features of 
the composition of an insect’s head are not understood and 
interpreted aright in most of the recent textbooks and articles 
which treat of this phase of the subject, and it is quite apparent 
that there is a decided need of a thorough -going review of the 
whole subject of the head region of insects and the interpretation 
of its parts. Thus, for example, everyone who has recently 
discussed the superlinguae or ‘'paraglossae” of insects (i. e., 
the lobes on either side of the hypopharynx) homologizes them 
with the maxillulae (first maxillae), instead of with the paragnaths 
of Crustacea, as should be done. (See references to origin of 
superlinguae, mandibles, maxillae, etc., in bibliography). In 
most textbooks one sees the incorrect statement that the 
maxillary galea and palpus represent the two forks of a biramous 
limb, instead of the correct interpretation of the palpus as the 
distal segments of a limb (endopodite) in which the second or 
stipes segment, and the third or palpifer segment have developed 
endites or lobe-like processes forming the galea and lacinia. 
The statement that the parts of the maxillae are represented 
in the mandible, which one encounters in many publications, 
is wholly incorrect, since the mandible represents but a single 
segment of a limb, while the maxilla is composed of more 
than one segment of such a limb. The statement that the 
head of an insect is composed of seven segments, instead of but 
six (as embryology has long shown to be the case) is another 
instance of the many glaring inaccuracies one encounters on 
every hand in reading the literature dealing with the head region 
of insects; but since these matters have been discussed more at 
length in a series of articles dealing with each phase of the 
subject in detail, the following discussion is restricted to an 
attempt to determine the boundaries of the sclerites of the 
head in insects in general, and to interpret the structure of the 
parts of the head of higher insects in terms of those of the lower 
forms by using for study, as far as possible, the intermediate 
types serving to connect the higher with the lower insects. 
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As the study of embryology indicates, six segments enter into the 
composition of an insect’s head. These arc the protoccphalon, antennal 
segment, intercalary segment, mandibular segment, first maxillary 
segment, and second* maxillary or labial segment. Janet, 1899, Berlesc, 
1909, and others who profess to be able to mark off the head capsule of 
adult insects into rings of scleritcs corresponding to the embryonic 
segments entering into the composition of the head, have simply let 
their imagination run away with them, and the diagrams which they 
have constructed do not correspond to the facts at all, for, as embryo- 
logists such as Riley, 1904, have pointed out, “the definitive scleritcs 
can afford us little or no evidence as to the primary segmentation of 
the insects.” It is therefore preferable to describe the scleritcs of the 
head with reference to certain “landmarks” which occur in most 
insects, rather than to attempt to divide the head capsule into rings 
corresponding to the original segments entering into its composition. 
It must be borne in mind, however, that these convenient “landmarks” 
for establishing the boundaries of the head regions are not present in all 
insects; and in some forms, the sutures, etc., which occur in the lower 
insects may become obliterated and new ones may be formed, thereby 
tending to mask the original condition, and making it very difficult to 
define the regions with any great accuracy throughout the series of 
insects. In such cases it is often impossible to do more than state that 
the secondarily fonned region is equivalent to the original one only in a 
general way. 

The upper lip or lahrum, (labeled “ 1 ” in all Figures) together with 
the clypeus, frons, “vertex, ” and genje, all arise from the first or proto- 
ccrcbral segment of the embryo, according to Riley, 1904; and the 
labrum has been compared to the prostomium of annelids by seme 
investigators, although there is some doubt as to the exactness of the 
homology in the latter case. The anterior (or lower) margin of the 
labrum is so deeply incised in some insects, as to give the labrum a 
pronounced bilobed appearance, which has led certain entomologists 
to conclude that the labrum is the fusion produce of two appendages; 
but a study of the embryological development of the labrum has shown' 
that this view is entirely fanciful and unfounded. The labrum extends 
posteriorly to the transverse lahral suture which usually demarks the 
labrum from the clypeal region behind it, although the Ijibral suture is 
obsolete in some insects. When the labrum and clypeus are viewed 
from the “inner” or buccal surface, a small hinge-like thickening 
called the torma by Peterson, 1916, may be observed near either end 
of the labral suture, at the junction of the labral and clypeal regions; 
and these tormoe are frequently of value in determining the posterior 
boundaries of the labrum. 

The labrum may be long and narrow as in certain Diptcra, etc., or 
it may be broader than long, as in the orthopteroid insects. In some 
Hymenoptcra, the labrum is not distinct, and a membranous lobc-like 
region called the epipharynx may project frem the anterior region of 
the mouth to close the base of the tube for sucking honey, etc. In 
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certain Diptcra, the cpiphar\’nx may become lony and slylel-like, 
forming with the labrum, the so-calied labrum-epipharynx. In the 
orthopteroid insects the cpipharyngca! region usnalh' does not pnn'eet 
to any great extent, and in such cases consists of the membranous inner 
lining of the labium and clypeiis (i, e,, the ‘‘roof of the mouth '*) liearing 
hairs and taste organs frequently aiTanged about a V-sha])ed thickening 
near the median region. In certain of these orthopteroid insects, the 
labrum. may be partially divided iiito an anterior and posterior 
area called the antelabrum and posit abrum, by an incomplete transverse 
suture or by cmarginations of tlie sides of the labrum. 

As was previously mentioned, Riley, 1904, considers that the 
clypeus, together with the labrum, frons, etc., arose from the first or 
protocerebral .segment of the embryo. The clypeus, labeled ^'cl” in 
all Figures, extends from the labrum (or the labral suture) posteriorly 
to the dypeal suture, which, however, may be obsolete in some insects. 
When the dypeal suture has disappeared, the posterior limits of the 
clypeus are demarked by a line drawn across from the base of one 
mandible to the base of the other mandil;)le, since the dy^x-al suture, 
when present, corresponds in general to such a line connecting the bases 
of the mandibles, which are therefore the chief “landmarks*’ delimiting 
the posterior extent of the clypeus. This fact is of considerable im- 
portance, since the area usually called the clypeus in the Psocidte, etc., 
lies behind the line connecting the bases of the mandibles, and is there- 
fore in all probability an anterior portion of the frontal region . 

The entire dypeal region may be but slightly chitinized and pig- 
mented, giving the appearance of a membranous area, as is the case with 
the region labeled “d “ in Fig. 79 of a larval Lepidopteron, or in Fig. 39, 
of the termite Masiotermes. In other instances, as is the case in the 
Nemopteron Rapkidia, shown in Fig. 33, and less clearly in the earwig 
shown in Fig. 36, the posterior region “pc” of the clypeus may be 
strongly chitinized and pigmented, while the anterior region “ac” 
is not strongly chitinized and pigmented (i. e., has a membranous 
appearance) thus differentiating the entire dypeal region into an 
anteclypeus “ac” and a postclypeus, “pc.” Occasionally, the clypeus 
is divided into an anteclypeus and a postclypeus by a transdypeal 
suture extending transversely across it. 

In the larva of the Neuropteron Sialis, shown in Fig. 40, the dypeal 
region “d” is retained in a condition more nearly approximating the 
primitive, or original one. If one will compare this larva with those of 
the Neuroptera Raphidia and Corydalis, show^n in Figs. 41 and 42, one 
may see that while the dypeal suture extends clear across from the base 
of one mandible to the base of the other in the larval Sialis shown 
in Fig. 40, (i, e,, the line of the posterior border of the area “cl” extending 
from the base of one antenna to the ocher) this same dypeal suture is 
broken or interrupted in the larvae shown in Figs. 41 and 42. In other 
words, the dypeal suture, usually extending from the base of one 
mandible to the other, extends only from the base of the antenna 
labeled “bat” to the frontal pit “fp” on either side of the head of the 
larvae depicted in Figs. 41 and 42, while the median portion of the. 
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clypcal suture has “faded out, “ leavin<^ no line of demarcation between 
the regions “pc” and “ fr. ” Anterior prolongations of the arms of the 
frontal suture “fs“ have extended forward into the clypeal region and 
have marked off a par acly peal or lateroclypeal region “pci ” on either side 
of the median region of the postclypeus “pc.” Comstock and Kochi, 
1902, call the paraclypeal regions “pel” the “antccoxal pieces of the 
mandibles;” but they are no more closely associated with the mandibles 
than arc the lateral regions of the clypeus in any other insects, and the 
dy pan gull or postero-lateral angles or lobes of the clypeus, which 
frequently bear the articulatory areas with which the dorsal condyles 
(cpicondylcs) of the mandibles articulate, arc very much the same in 
Raphidia (Fig. 41), as they are in any other insect. The antero-ventral 
anns of the tentorium frequently extend forward to a point at or near 
the clyi^anguli. In the water bug Belodoma (Fig. TO) the. lateral areas 
labeled “pci?” 'which are here referred to as the jugum, (following 
a suggestion by Dr. Parshlcy) are possibly homologous with the para- 
clyi)eal areas of the Ncuropterous larv^e shown in Figs. 41 and 42, 
“pci;” but this point has not been definitely established. 

Like the labrum and clypeus, the frons is a median unpaired region 
of the head (the posteriormost of the dorsal unpaired areas), and it also, 
according to Riley, 1904, arose from the protocerebral segment of the 
embryo. The frons, labeled “fr” in all Figures, extends from the 
clypcal suture (or a line drawn between the bases of the mandibles) 
to the frontal suture, labeled “fs” in Figs. 32, 36, etc., the frontal suture, 
when present, serving to demark the frontal region. When the frontal 
suture is absent, if a line be drawn across from the top of one antennal 
fossa to the other, and at either end of this line an angle of forty-five 
degrees is constructed the sides of the isosceles triangle thus formed, 
correspond in a general way to the frontal suture, which is formed by the 
arms of the Y-shaped epicranial suture (i. e., “cs” and “fs” of Figs. 
32, 36, 40, etc.) when the latter is present. The frons usually includes 
the area bearing the median ocellus, but this is absent in many insects. 

The frontal suture “fs” may extend forward “inside” of (or mesal 
to) the bases of the antennae, as in Fig, 32 (a condition typical of many 
larval insects); or it may extend “outside” of (lateral to) the bases of 
the antennae, as in the earwig shown in Fig. 36. In most larvae (Figs. 
32, 40, 70) the frontal suture extends to the epicondyle, or dorsal 
condyle of the mandible, and this is also true of many of the adult 
Neuroptera here figured, although in the latter insects, only the anterior 
portions of the frontal suture are retained, for the most part. A pair 
of frontal pits (“fp” of Figs. 63, 70, 42, etc.) or external manifestations 
of the internal invaginations of the body-wall forming the antero- 
dorsal arms of the tentorium, occur on or near the frontal suture in 
many Neuroptera, etc. 

As was mentioned before, the frontal suture may secondarily send 
down branches into the clypeal region (marking off the lateral areas 
labeled “pci” in Figs 41 and 42), while the median portion of the 
postclypeal region “pc” unites with the frons “fr” to form a compound 
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froiiloclypcal repon bearing tho labels “fr’' and “pc" in 41 and 
42, although the original extent of the froiis “ fr ” is retained iiuhe insect 
shown in Fig. 40. 

A line drawn across Ixdwecn the bases of llic anteniKe divides the 
frons into an antefrons and posifrons in certain insects, and in tliesc 
fonns, the postfrons is usually united with the u])p(M* region oi the 
head capsule. A narrow transverse region called the cpistoma “('ps“ 
of Fig. 38, becomes secondarily marked off in the anterior rcgic.n of 
the frons of certain beetle larvae, etc, and in certain sawflv larvay such 
as the one shown in Fig. 32, a region lalxded “ops.” which mav corre- 
spond to a portion of the cpisU;ma is marked off bv a faint Iv im’prcssed 
line. MacGillivray, 1913, refers to the region “ei)s” of' the sawlly 
larva shown in Fig. 32, as the “first clypeus,” and to the true clvixais 
“pc" and “ac" as the “second clypeus. " The region “eps," however, 
is clearly a portion of the frons, since it lies behind the cly])cal suture 
extending across from the base of one mandible to the otheV, and while 
the region labeled “eps" in Fig. 32 does not correspond to tho entire 
area bearing the label “eps" in Fig. 38, it docs in a wav corresi)ond to 
the epistema, or to a portion of the epistema, and ma\^ thcrehme be 
regarded as a greatly reduced epistoma. 

It is possible that the area labeled “fr" in Fig. 7() represents the 
anterior region of the frons (antefrons) rather than the frens proper, 
although for the sake of convenience, it has been referred to simidy as 
the “frons” in the following discussion. In the PsocidcT (sensu lato), 
however, the region usually referred to as the “frens" is clearly the 
antefrons (or anterior region of the frons) alone, while the ixisterior 
region of the frons in these insects is frequently indistinguishably 
united with the region of the head behind it. 

The frons was spoken of above as an unpaired region of the head, 
and this is true of most insects. In the beetle larva shown in Fig. 38, 
however, a median dorsal infolding or “implex" of the head capsule is 
formed, resulting in the production of an internal ridge for muscle 
attachment, and an external suture (corresponding to the internal 
ridge) which extends forward into the frontal region “fr," dividing it 
into equal halves,* as is shown in Fig. 38. 

If we -adopt from vertebrate anatomy the term “frontal region" for 
the frons, and the term “occipital region" for the portion of the head 
capsule about the occipital foramen, it is but logical to call the region 
between the frontal and occipital regions the “parietal region," since 
the parietal region occupies this position in the vertebrate skull. The 
term “parietals" has therefore been adopted for the region between 
the frons and occiput (i. e., the region labeled “pa” in all Figures) in 
the following discussion. Some entomologists apply the term epi- 
CTanium to the parietals; but properly speaking, the epicranium includes 
not only the parietals, but also the irons, genae and postgenae as well, 
and it is preferable to have a distinct designation for the parietals. 

*It is quite probable that the region labeled “fr” in Fig. 38 represents the 
post frons, rather than the entire frons, since it lies behind the antennie (in the 
postfrontal region). 
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The term vertex has also been applied to the. parietals, and while this 
term is quite suitable for the parietal region of the Orthopteroid insects, 
in which the parietal region occupies the upper portion of the head, 
in other insects, such as the lepidopterous larva shown in Fig. 79, in 
which the parietals extend far forward, the term vertex is wholly 
inapplicable for the region in question, and in order to have a suitable 
term for this region in all insects, and since the sclerites composing 
this region are paired, it is preferable to refer to the sclcrilcs between 
the frons and occiput as the parietals, as is done in vertebrate 
morphology. 

The stem of the Y-shaped epicranial suture “cs” and “fs” forms 
the midcranial or coronal suture “cs" dividing the parietal area into 
symmetrical parts, and it is usually along this suture that the integument 
of the insect splits at the time of molting. The coronal suture “cs” is 
likewise an anterior continuation of the middorsal suture along the 
median region of the back, along which the integument of the body in 
general is split at the time of molting, thus suggesting a Lamarkian 
explanation of the origin of the suture in question. Comstock and 
Kochi, 1902, state that the middorsal suture “represents the line of 
closure of the embryo. “ While this suture may coincide with the line 
of closure of the embryo, I am inclined to consider that the middorsal 
suture (and its continuation into the head region as the coronal suture 
“cs”) in some cases owes its origin to an infolding of the integu?irient 
for muscle attachment. In the head region there is frequently a median 
dorsal “implex" or cndoplica formed by an infolding of the integument 
for muscle attachment, and the lips of such an infolding of the body 
wall form an external suture. 

In certain lepidopterous larvae, as in the one shown in Fig. 79, an 
infolding of the integument occurs on either side of the frontal region 
“fr, " and the frontal sutures, formed by the lips of these infoldings or 
endoplicae, together with the adfrontal stUures mark off an adfrontal 
area (the adfrontals “af") on either side of the frons. In the beetle 
larva shown in Fig. 38, there are also marked off on either side of the 
region labeled “fr" (which represents a posterior portion of the frons) 
areas resembling the adfrontals “af” of the Lepidoptera (Fig. 79); 
the sclerites labeled “af" in Figs 38 and 79, and although the regions 
are not precisely the same in both insects, may be referred to as the 
adfrontals, for the sake of convenience. 

On either side of the frons “fr" of various Neuroptera (c. g., Figs. 
45, 56, 70, 74, etc.) there occurs a parafrontal region or parafrons, ‘"pf," 
usually situated between the frontal suture (or the frontal pits “fp") 
and the compound eyes. The parafrontals are therefore somewhat 
different from the adfrontals described above, and have been designated 
by another term, to indicate this fact. 

As was pointed out in a paper on the head region of lower insects 
(Crampton, 1917) a paracephalic’' or laierocephal suture marks off a 
lateroccphalic area on each side of the head capsule, in some of the 
lower forms, though these areas may possibly represent secondarily 
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formed regions of no particular phylogenetic significance, since they arc 
not demarked in all of the ]:)rimith'c insects. 

The anterior jxirtions of the latcroccphalic regions, namely, the areas 
below and behind the cempound eyes, fonning the “cheek” regions of 
the head, arc called the gene. An approximately vertical ridge or 
suture frequently demarks a posterior region of the geme called the 
■postgena by Comstock and Kochi, 1902. When these poslgcme extend 
along the giilar region of the head, ihc}' eorres])ond in a way, lo the 
paragular region and hypostoma, described under the discussion of 
the ventral surface of the head capsule. 

At the base of the mandibles (below, or anterior to the gen^e) is a 
small scleritc called the basimandibiila (“bind” of Fign 39) in the article 
referred to above (Crampton, 1917). This sclcritc probably owes its 
origin to the chitlnization of a portion of the membrane between the 
mandible and the head capsule. Comstock and Kochi, 1902, call the 
sclerites “bmd” (Fig. 39) the “troehantin of the mandible,” thinking 
that it represents the troehantin or small sclentc at the base of the 
thoracic legs. This homology, however, is entirely fanciful, and it is 
misleading to designate the sclerite in question as the “troehantin” of 
the mandible. 

Comstock and Kochi, 1902, describe an occular sclerite surrounding 
the compound eyes ; but I am inclined to consider that this area is not 
marffed off by a true suture, and I am very sure that it does not represent 
the basal segment of an occular appendage as Comstock and Kochi, 
1902, arc inclined to believe. There is, however, in certain lower 
insects, a fairly well demarked sclerite at the base of the antenna, called 
the antennale in a previous paper (Crampton, 1917); and a process or 
projection of this region called the antennijer in the paper in question 
(i. e., the structure labeled ”anf” in Fig. 39), frequently supports the 
antenna in ihc more primitive insects. At the base of the antenna of 
many larval insects (particularly those of Coleoptera and Neuroptera) 
a ring-like area called the basantenna (“bat ” of Figs. 41, 42, etc.) occurs 
at the base of the antenna. This area may originate as a projection of 
the head capsule, or through thechitinizationof a portion of the membrane 
at the base of the antenna, and I am inclined to account for its origin 
in either of these ways, although this sclerite is regarded as a modified 
basal segment of the antenna by some entomologists. 

Areas called the poster anial regions, or the poskramals (Crampton, 
1920) occur in the posterior portion of the head of certain Trichoptera, 
etc. Traces of these regions are also found in the lower Lepidoptera, 
such as the Micropterygid.s, etc., but I have not traced them through a 
scries of the more primitive representatives of the higher insects, 
though they will doubtless be found in other orders as well. 

The occiput labeled “ocp” in all Figures is the dorsal and lateral 
region about the occipital foramen, or posterior opening of the head 
capsule through which the gullet, nerve cord, etc., pass into the head 
region. A posterior extension of the midcranial suture “cs” divides 
the occiput into two parts in the larva of the Neuropteron Corydalis 
(Fig. 42), and in the beetle larva shown in Fig. 38, the occiput consists 
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of two ocdpHiih “ccp” sciJaratcd by a deep incisicn. The mem- 
branous area occupying the region between a similar incision in the 
posterior region of the head of the caterpillar shown in Fig. 79, and 
the anterior edge of the pronotum, is called the vertical irian^le by 
Frackcr, 1915, 

In the ])ostero-latcTal n’gion of the head, there frequently occurs a 
narrow area called the trophifer (Crampton, 1917) since the mouthparts 
articulate with this region in the lower insects. The maxillifer (or 
''maxillary pleuriid' of Comstock and Kochi, 1902) enters into the cem- 
position of this region, and Riley, 190d, states that a portion of the 
postgena together with the “maxillary plcurite” arises from the 
maxillary segment, while the remainder of the postgena and the sclerites 
at the base of the mandibles arise frem the mandibular segment of the 
head. It is very strange that if the basimandibul^ “bmd” of Fig. 39 
belong to the mandibular segment, the genae immediately above them 
do not belong to this same mandibular segment (Riley attributes the 
gena? to the protoccrcbral or first primitive segment of the head) and I 
am not entirely convinced of the correctness of Riley’s conclusions in 
this matter, especially since he wrongly ascribes the cervical sclerites 
to the labial segment. Riley does not state to which embryonic segment 
the occiput belongs ; but since the occiput occupies a considerable portion 
of the hinder region of the head, it is quite probable that it is derived 
from both the maxillary and labial segments. 

According to Comstock and Kochi, 1902, the occiput is continued 
ventrally in the postgence, but in certain insects having a well defined 
occipital region (as in the neuropterous larvae shown in Figs 14 and 15) 
the occiput extends ventrally to the gular region “gu. ” In the beetle 
shown in Fig. 17, it would appear that the occiput “ocp” is secondarily 
marked off by the rubbing of the prothoracic parts into which the 
hinder portion of the head is received in these insects. 

The mandible articulates ventrally (by means of the hypocondyle, or 
ventral condyle labeled “he” in Fig. 14, etc.) with a region called 
the hypostoma* labeled “hs” in all Figures. The hypostoma “hs” 
is an antcro-ventral region of the head (a portion of the region called 
postgena by Comstock and Kochi, 1902) situated on either side of, or 
near, the submentum “sm” (Figs. 15, 17, 18, 9, etc.), and is frequently 
demarked by a hypostomal ridge (or suture). Its chief distinguishing 
feature, however, is the fact that it bears the area with which the 
ventral condyle of the mandible articulates. In many insects it also 
bears a “fossa" in which the condyle of the maxilla articulates. 

The paragula is a region on either side of the gula, labeled “pgu” in 
all Figures, and is demarked laterally by the paragular ridge or suture. 
The paragular area is indicated by the shaded area “pgu" (in Figs. 
31, 13, 6, 7, 10, etc.) and forms the postero-ventral region of the head 
on either side of the gula “ gu. " The paragula and hypostoma together 

* This region in larval Cleridae is discussed by Boving and Champlain in the 
Proceedmgs of the U. S. Nat. Museum, Vol. 57, p. 576, 1920, in which a discussion 
of the mouthparts of Coleoptera in general arc also given. The term paragula is 
.ylso employed in this paper. 
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make up the region called the pcstgena by Ccmsteck and Keclii, 
the hypoatonm fomiing the anterior portion near the mtauh, while llic 
paragula forms the posterior portion of the postgena. It has seemed 
ad\ isable to thus divide the postgena, since the hv].)ostoiTia tn ])artictilar 
is (.)f importance in tlie study of the head stmcturcs of larv.al (Me()])iera 
Neuroptera, etc. In the beetle lan’a shown in Fig. 27. a small scleriie 
pgu? " situated on either side of the gula “gu, " and bounded pcrsteriorly 
by a paragular suture, has been provisional! v homologizcd with the 
paragula of other insects, although it very probablv represents merely 
an anterior portion of the entire paragula. The divided areas labeled 
“pgu” in Figs. 22 and 29 arc likewise not strictlv homologous with the 
paragukT of other insects, but it is not worth while to designate them bv :i 
distinct desigTiati(.)n , since they occup_\’ a].)proximatelv the ])osition' of 
the paragular areas. 

The throat region, or the median posicro-ventral area of the head, 
labeled “gu” in all Figures, is called the guia. The gula “gii” (extends 
from the posterior border of th(i head capsule proper to the submen turn 
“sm”_(Figs. 12, 10, 15, 18, etc.) and is bounded latcrallv bv more or 
less distinct lines or sutures called the ^idcir sutures. Situated on or 
near these sutiires arc the gular pits '‘gp” of Figs. 15, 12, 0, etc., which 
mark th(3 position of the posterior ventral arms of the tentorium. 
In some insects, the gular pits mark the posterior extent of the sub- 
mentum, but in others, the gular region extends far forward of these 
gular pits (as in Fig. 12). In such cases, the anterior extent of the gular 
regicin is marked by a line drawn between the bases of the maxillary 
cardines car (corresponding to the submental suture), or, according 
to Dr. Craighead, the gular region extends forward to the i^osterior 
attachment of the muscles labeled '' 11 ” in Figs 11 and 14. 

The inter sternite, “is” of Figs 8, 15, 13, etc., one of the anterior 
plates of the neck region, is ascribed to the gular region by Comstock 
and Kochi, 1902, Riley, 1904, and others; but this plate becomes attached 
to the p(psterior region of the head in very few insects, and then only 
secondarily. It is h(3mologous with other intersegmental plates occurring 
between the thoracic segments in the lower insects, as was pointed out 
by Crampton, 1917. The pregula^ "pi's” of Fig. 17, is apparently a 
region secondarily marked off in front of the narrow region of the 
throat labeled “gu” in certain Coleoptera, etc. Its significance is 
not very clear, and there is need of further study of this region. 

In the insects shown in Figs. 20, 21, 24, 26 and 27, the region labeled 
”gu” may not represent the entire gula, and has therefore been referred 
to as the gular plate in the following discussion. The region labeled 
“gu” in Fig. 7, likewise may not represent the entire gular region, but 
such a narrow, transverse, posterior gular plate is characteristic of the 
Dermaptera, and may serve as one of the diagnostic characters of the 
order. 

The origin of the gular region is a very puzzling feature. It is quite 
possible that in some insects the posterior portion of the gular region of 
the adult hcad^ may be formed through a chitinization of the mem- 
branous area situated between the ventro-median edges of the head 
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capsule and behind the mentum. In the insect shown in Fig. 27, it 
would appear that the vcntro-mcdian edges of the head capsule have 
become approximated, or “come together,” behind the narrow gular 
plate “gu, ” and meet along the midgular suture “mgs. ” The fact that 
there is a narrow membranous space behind the gular plate “gu” in the 
trichopterous larva shown in Fig. 20, while this space has apparently 
disappeared through the coming together of the median edges of the 
head capsule behind the gular plate “gu” in the trichopterous larva 
shown in Fig. 24 (in which there is a midgular suture “mgs” like that 
of the beetle larva shown in Fig. 27) would lend weight to the view that 
the midgular suture “mg.s” is formed by the approximation of the 
ventro-median edges of the head capsule along the median line of the 
head. On the other hand, the midgular suture “mgs” of Figs. 24 and 
27, may have been formed secondarily in the integument of the head 
capsule as the result of the fonnation of a mid ventral implex or infolding 
of the body wall, such as frequently occurs along the midvcntral line 
of the thoracic region. Comstock and Kochi, 1902, suggest that the 
midventral suture of the thoracic segments “perhaps represents the 
neural groove of the embryo;” but I am inclined to attribute another 
origin to the suture in question — which probably arose through the 
formation of an infolding of the body wall for muscle attachment. 

A study of the condition found in the different castes of termites 
throws some light upon the rather difficult question of the origin of the 
gular region, since in the termites, at least, the gular region appears to 
represent the posterior portion of an originally distinct plate which has 
become adherent to the head capsule. Thus, for example, in the head 
of a winged termite such as that shown in Fig. 13, the gular region 
■“gu” forms the posterior portion of a distinct gulamental plate bearing 
the labels “gu” and “sm. ” In the soldier caste of this same termite, 
on the other hand, the posterior portion of the gulamental sclerite 
(bearing the labels “sm” and “gu” in Fig. 16) becomes “soldered onto” 
the head capsule to form the gular region, “gu, ” while the anterior 
portion of the gulamental area, bearing the label “sm,” remains free 
and forms the submental region. We may therefore conclude that in 
some cases at least, the gulamental plate (“gu” and “sm” of Fig. 13) 
becomes elongate and its posterior portion is more or less closely fused 
with the head capsule to form the gular region “ gu ” of Fig. 16. In such 
instances, the lateral margins of the plate in question may be rep- 
resented by the gular sutures on either side of the gular region “gu” 
shown in Fig. 16. 

The labium or under lip is formed by the union of a pair of mouthpart- 
limbs (second maxillae) similar to the maxillary mouthparts. The 
statement so often made that the neck plates, or cervical sclerites, 
represent the labial segment whose appendages have left the neck 
region and have migrated into the head region to form the labium, is 
wholly false, and is unsupported by a single bit of anatomical or embryo- 
logical evidence. This matter, however, has been fully discussed in an 
article by Crampton, 1917, and need not be further considered here. 
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The pleural region of the labial segment is included in the region 
about the occipital foramen referred to as the “trophiger” or trophi- 
bearing area, and forms the narrow marginal area shown in Figs. 13, 10, 
etc. It sometimes bears an occipital condyle or process, with which the 
anterior process of the lateral neck plate articulates to aid in supporting 
the head capsule, while allowing for the freedom of mo\’emcnt of the 
head. 

Holmgren, 1909, states that ‘'an embryologieal study (of the second 
maxillae or labial appendages) further indicates that the submentum 
is formed by a portion of the articulatory membrane between the 
second maxillary segment (or labial segment) and the first thoracic 
segment, and therefore has nothing to do with the second maxillse 
(labial appendages).” Holmgren, Heymons, and other embryologists 
likewise agree that the hypophar^mx or “tongue’' is formed in part 
by the sternum of the labial segment, and Boemer, 1903, states that he 
considers it quite impossible to regard the mentum, submentum and 
gula as the sternites of the labial segment, “since in some insects, 
traces of a true (labial) sternum are retained between the bases of the 
coxse of the posterior mouthpart-limbs. ” In other words, Bocmer 
regards the median triangular area between the bases of the structures 
labeled “pgr” in Fig. 10, as the representative of the sternum of the 
labial segment. Whether these views arc correct or not, 1 cannot say, 
although I have a strong feeling that either the mentum, or a portion 
of the submentum may be formed from the sternal area of the labial 
segment (in addition to the basal portion of the hypopharynx which is 
formed from the sternal area of the labial segment). What proof there 
is to be drawn from embryology, however, would not bear cut the latter 
view — at least so far as is at present known; and under these conditions, 
it would be wholly unjustifiable to claim that the mentum, or a part of 
the submentum are formed from a portion of the sternal region of the 
labial segment. On this account, I have provisionally accepted the 
view that the submentum and mentum arc secondarily formed sclerites 
situated behind the true labium, in the following discussion. It has 
been found convenient, however, to treat the underlip as though it 
were composed of three principal plates or areas, in comparing this region 
in the different types of insects; and for the sake of convenience, I have 
referred to these three plates or areas as the gidamentuni (i. c., the 
region bearing the labels “gu” and “sm” in Fig. 23), the mentum, 
labeled “mn” in Fig. 23, and the true labium, or eulahium, which bears 
the labels “prm, ” “Ig” and “Ip,” in Fig, 23. 

The gulamentu7n (“gu” and “sm” of Figs. 23, 13, etc.) becomes 
divided into a gular region and a submental region in some insects, 
while the gular portion becomes “soldered” onto the head capsule in 
some insects (e. g., “gu” of Fig, 16) as was stated above; and the gitlar 
region may be further augmented b}’ the addition of portions of the 
integument behind the gulamentum.. The gular region “gu” is sepa- 
rated from the stibmenium “sm“ by a pregiilar cleft, or suture, in such 
insects as the caddice fly larva shown in Fig. 24, and the occurrence of 
such a prcgular suture is of value in marking off the posterior extent of 
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the submentum. The suture in question, however, is rarely present in 
insects in general, and in such cases the posterior limits of the sub- 
mentum are dcmarked by an imaginary line drawn across from one 
gular pit “gp” of Fig. 15, to the other gular pit, or by a line drawn 
across from the base of one maxillary cardo ‘'car'’ of Fig. 12, to the 
other, and corresponding in general to the line behind the label “sm” in 
Fig. 12. Dr. Craighead informs me that the submen to-mental muscles 
labeled “ 11” in Figs. 11 and 14, which extend from the posterior border 
of the submental region to the posterior portion of the mental region, 
serve to demark the submental region “sm,” internally; and since the 
posterior line of attachment of these muscles corresponds in a general 
way to the posterior border of the submentum, they offer a valuable 
means of determining the homolcgues of the submental region when 
it is not clearly demarked externally. The most reliable method of 
determining the posterior limits of the submentum on the external 
surface of the head, however, is to draw an imaginary line between the 
bases of the cardines “car” of Figs. 24, 21, 20, 26, 31, 22, 9, 8, 7, etc., 
since it is not always possible to dissect a specimen (e. g., as is the case 
with dried material) in order to determine the origin and insertion of 
the muscles in question. 

In the insects shown in Figs. 21, 22, etc., the submental region 
contains two small plates, the submentales, “sml,” situated at the base 
of the maxillary cardines “car.” These submentals do not comprise 
the entire submental region, and in seme insects, such as the one shown 
in Fig. 20, the submcntals are represented by the small areas labeled 
“sml” alone. In the lepidoptercus larva shown in Fig. 25, the areas 
labeled “sml” occupy a position at the bases of the maxillary cardines, 
“car,” as do the submentals of the insects referred to above; and the 
areas labeled “sml” in Fig. 25, as well as the ill-defined areas bearing 
the label “sml” in Fig. 29, may therefore be interpreted as representing 
the submentals of other insects. In the caterpillar shown in Fig, 28, 
the submentals “sml” are rather heavily chitinized and pigmented, 
and might be mistaken for the maxillar}^ cardines, but the true cardo 
of the maxilla is the plate labeled “car” in Fig. 28. The submental 
region is membranous in some insects, such as those depicted in Figs, 
31, 77, etc., while in such insects as the beetle, shown in Fig. 17, “sm, ” 
it is strongly chitinized and is deeply emarginate anteriorly. 

In the Neuropteron Nemo pier a (Fig. 86) and in the Mecopteron 
Bittacus (Fig. 85) the principal part of the submentum “sm” forms a 
portion of the slender column-like sclcrite whose anterior region “mil” 
has been homologized with the mentum ; and this tendency toward the 
formation of a column-like sclerite in the mental region is also found in 
some Diptera. Whether the submentum includes the entire plate bear- 
ing the label “sm” in Figs. 10 and 6, or not, I cannot say; but it is 
very probable that the plate in question contains the gular region as 
well. It is also possible that the anterior, paler area bearing the label 
“sm” in Fig. 6, represents an anterior division of the submentum. 

The mentum, “mn” of Figs. 5, 6, 7, 8, 9, 10, 23, 31, 12, 15, 77, etc., 
is the region between the submentum, “sm, ” and the eulabium, or true 
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labial region bearing the labels “pgr,” “Is,” “prm,” etc., in the Wes 
m question. The mentiim “mn” forms the second of the plates fomiine 
a senes of three m the underlip region of the Neuropteron shown in 
tig. 23, which I have taken as the basis for comparison with the hiirher 
insects. The mentum, “mn,” may be fused with the region “sm” 
behind it, as in the insects shown in Figs. 87). 89, etc. ; it may be separated 
from the submental region “sm” by a clearly defined mental sulure as 
in Figs. 23, 26, 7, etc.; it may be demarked merely by a faint dividim^ 
line between it and the submental region as in Fig. 13, etc.; or it may 
be a distinct plate “mn” as in the insects shown in Figs 8'^’ 77 15 (J 
etc. In the insects depicted in Figs. 21, 31. 17, etc.,' thc*^k‘n turn is 
represented by a membranous area bearing the label “mn ” The 
mentales or small sclerites bearing a seta and situated in the posterior 
region of the mentum, “mn” of the caterpillar shown in Fig. 31 or in 
the trichopterous larvae shown in Figs. 21, 20, etc., are possibly 
homologous with the chitinized areas in the posterior' region of the 
mentum “mn” of the Neuropteron larva shown in Fig. 12. 

The eulabium comprises the distalmost, or anteriormost portion of 
the underhp region beyond the mentum, “mn,” from which it is sep- 
arated by a eulabial suture in the insects shown in Figs. 23, 20, 27, 13 
lo, 17, etc. The eulabium, as was stated above, is the tme labium! 
formed by the union of the second maxillae. I would emphasize the 
fact that the labial appendages arc homologous with the second maxillae 
of the Crustacea (see articles in bibliography) and it is wholly incorrect 
to maintain that the so-called superlinguac on either side of the hypo- 
pharynx of insects are homologous with the first maxilte (i. e., 
the maxillulae) of Crustacea as is done by practically all recent investi- 
gators, since the “superlinguac” are homolcgous with the paragnaths of 
Crustacea, and the labial appendages represent the true second maxillse 
of Crustacea, as has been brought cut in a paper published in the 50th. 
Annual Report of the Ent. Soc. of Ontario, in a preliminary note in the 
Transactions of the Ent, Soc. of London, and in a more lengthy paper 
on this subject, illustrated by drawings of the parts in question in 
Crustacea and insects, which will soon be published in Psyche, and 
the Proc. Ent. Soc. Washington for 1921. 

As was mentioned in the preceding discussion, the greater portion 
of the sternum of the labial segment enters into the composition of the 
hypopharynx, or tongue-like structure on the floor of the mouth cavity. 
It is very probable, however, that the labiosterniic or median triangular 
area between the bases of the structures labeled “pgr” in Fig. 10, 
represents a portion of the sternal region of the labial segment. The 
palptgers, “pgr, ” or palpi-bearing structures on either side of the median 
triangular area shown in Fig. 10 (also structures labeled “pgr” in Figs 
6, 7, 15, 81, etc.) together with the labiostipes, “Is,” represent portions 
of the basal segments of the modified limbs forming the labium, while 
the distol segments of these limbs (representing the terminal segments 
of the “endopodite” of a crustacean limb) form the labial palpi “Ip” 
Outgrowths of the basal segments “pgr” and 
‘Is” of the limbs (these outgrowths possibly represent enditesor “gnath- 
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obases” of a cnistaccan limb) form the glossa, “gl/' and paraglossa, 
“pg,” of the labium (see Figs. 6, 10, etc.) The gloss^e, '‘gl, ” of Fig. 13, 
10, etc,, are sometimes referred to as the inner lobes of the labium, 
while the paraglossae "pg” are sometimes referred to as the outer lobes 
of the labium. The sclcritc labeled "Is ” in Figs. 10, 6, 13, etc., is some- 
times called the "stipes,” but since the term stipes is restricted to a 
sclerite of the maxilla, I would refer to the sclerite "Is” as the lahio- 
stipes, to indicate that it is a labial structure. The labiostipes "Is” 
bears the inner and outer lobes of the labium (i. e., "gl” and "pg” of 
Figs. (), 10, etc.) in some insects. 

Various modifications of the above-mentioned structures are met 
with in different insects. Thus in the beetle larva shown in Fig. 8, 
a ligula, labeled "Ig” occurs in the region originally occupied by the 
inner and outer lobes ("gl” and "pg” of Fig.s 10, 6, etc.), and it is quite 
probable that the ligula "Ig” of the beetle larva shown in Fig. 8, (or 
the insects depicted in Figs. 9, 49, 23, 27, etc.) represents the fusion 
product of the two inner lobes (glossse) of the labium, with which the 
outer lobes (paraglossce) may also have united. In the insects shown 
in Figs. 17 and 15, on the other hand, the ligula "Ig” is apparently 
formed by the united glossae only, since the paraglossas "pg” are appar- 
ently still distinguishable. In most instances, however, the general 
term ligula has been applied to the unpaired median terminal structure 
projecting between the labial palpi (i. e., "Ig” of Figs. 8, 9, 27, 23, etc.) 
regardless of whether it is formed by the united glossae alone, or whether 
the paraglossae have also entered into its composition. 

In the larvae shown in Figs. 8, 20, 25, 31, 49, etc., there occurs a 
basil abium, "prm, ” or basal labial plate formed by the union of the 
labial stipes "Is” of Figs. 6, 10, etc. This basal labial plate may also 
include the palpigers in its composition, and is typically a transverse 
chitinization of the area at the base of the labial palpi. In some insects 
it is not demarked from the ligula "Ig” (as in Figs. 23, 9, etc.) while in 
others, such as those depicted in Figs. 8, 22, etc., it is demarked by a 
faint line, or is differentiated by a stronger chitinization and pig- 
mentation. 

In connection with the discussion of the terminal region of the 
labium, the spinneret "spt” of Figs, 25, 31, etc., should be mentioned. 
This spinneret is usually closely associated with the ligular region, 
although a portion of the hyix)pharynx may possibly be involved in 
the spinning structure. Whether or no the structure labeled "spt?” 
in Fig. 30, is homologous with the spinneret of lepidopterous larvae, 
is a question which I have been unable to decide, and I have therefore 
merely offered the suggestion as a possibility, rather than as a definite 
opinion in the matter. A comparative study of this region in the 
Trichoptera, fycpidoptera, and other spinning larvae is greatly needed, 
and would be of considerable value in the matter of determining the 
affinities of the insects having caterpillar-like larva. 

It is very unfortunate that Peterson, 1916, who follows Kellogg, 
1899-1902, in his interpretation of the parts, did not study the mouth- 
parts of the Neuroptera such as Nemoptera (Fig. 86) and the Mccoptcra, 
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such as Bittacus (Fig. 85), Panorpa (Fig. 82), etc., before attempting to 
homologize the parts in the highly specialized order Diptera, instead of 
attempting to compare the Diptera directly with the lower orders such 
as the Orthoptera, etc., since the Neuroptera and IMecoptcra men- 
tioned above furnish the key to the interpretation of the parts in the 
Diptera, and the evidence they offer is most convincing. Wesche, 
however, is probably responsible more than anyone else for the con- 
fusion of the interpretation of the parts of the trophi by recent Diptorists, 
and Peterson’s work is a great improvement over that of Wesche, 
Smith and others who have misinterpreted the structure of the mouth- 
parts in a most amazing fashion, due to the fact that they have ignored 
the intermediate forms between the lower orders and the higher ones 
in attempting to homologize the parts in Diptera. 

As I pointed out in a recent paper (Crampton, 1917) dealing with 
the head region of Neuroptera, Mecoptera, Diptera, etc., the labial 
palpi, “Ip," of the Neuroptera such as Nemoptera (Fig. 86) tend to 
become approximated in the median line of the head (compare Fig. 86 
with the Neuropteron shown in Fig. 81) while the ligula “Ig" tends to 
disappear. A further step is represented by the Mccoptcron shown in 
Fig. 85, in which the ligula “Ig" of Fig. 86 has completely disappeared, 
although the labial palpi, “Ip," have retained their typical three- 
segmented condition, and the palpigers, “pgr, " are still partially distinct. 
In the Mecopteron shown in Fig. 82, the labial palpi, "Ip," have been 
reduced to two segments, the basal one being quite thick and "fleshy," 
while the terminal one is small and slender. The sclerites which I have 
interpreted as the palpigers, “pgr," (although they may po.ssibly rep- 
resent the basal segments of the labial palpi instead) tend to unite, 
and the mentum "mn" is a broad plate somewhat produced anteriorly. 
A further modification is shown in the Mecopteron depicted in Fig. 84, 
the labial palpi being reduced to the fleshly lobes, "Ip," while the pal- 
pigers have united to form the region “pgr," which is but indistinctly 
demarked from the mentum "mn" behind it. The labial palpi, "Ip," 
have even developed " pseudotracheas " like those occurring on the labial 
lobes of certain Diptera, in some of the Mecoptera; and the whole 
trend of development in the Mecoptera indicates the origin of the 
inherent tendencies which find opportunity for fuller expression in the 
Diptera. Thus in the Dipteron shown in Fig. 83, the labial palpi "Ip" 
are fleshy lobes like those of certain Mecoptera,* and they have even 
retained traces of two segments in the Dipteron shown in Fig. 83, which 
in this respect is more primitive than the Mecopteron shown in Fig. 84. 
The palpigers, “pgr," of Fig. S3 are also distinct, although they have 
completely united in the insect shown in Fig. 84, to form the region 
labeled “pgr. " The narrow median structure labeled "mn " in Fig. 83, 
is clearly the mentum = When one compares the Diptera with the 


* Dr. Tillyard, to whom I have shown the accompanying figures, in discussing 
the interpretation of the mouthparts of the Diptera, informs me that he has come 
to the same conclusion, independently, in comparing the head structures of Diptera 
with those of the Mecoptera, thus giving additional weight to the correctness of 
the interpretation here offered. 
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Mecoptera and with the Neuropteron sho^vn in Fig. 86, it is thus a 
very simple matter to determine the interpretation of the parts of the 
labium of the Diptera, and if Peterson and Wesche had only used these 
forms instead of trying to compare the Diptera directly with the 
Orthoptera, etc., they would have had no difficulty in determining the 
homologies of the Dipteron structures, so far as the principal features of 
the mouthparts are concerned. I must admit, however, that the 
interpretation of the slender lobes between the terminal segments of 
the labial palpi labeled “Ip” in Fig. 83, has given some trouble. They 
may possibly represent the paraglossse (“pg” of Fig. 77), for example) 
of other insects, although I am more inclined to regard them as merely 
lobc-like outgrowths of the segments of the palpi. 

The interpretation of the parts of the labium of the hemipterous 
insects has proven to be a rather difficult problem, largely due to the 
fact that 1 have not as yet been able to make a thorough study of the 
mouthparts of the Psoci{i^e (which are closely related to the hemipterous 
insects) due to lack of proper material. Frcm what is known of the 
tendencies for the parts to unite in the Mecoptera discussed above, 
however, I think we are justified in assuming that the sclcritcs labeled 
“Ip” in Fig. 75 (of a species of Cicada) represent the more or less closely 
united labial palpi, while the structures labeled “pgr” in Fig. 75, very 
probably represent the palpigers “pgr” of Figs. 82, 86, 83, etc., and the 
plate “mn” of Fig. 75 is therefore largely composed of the mentum; 
the other basal structures of the underlip region are probably included in 
the more membranous region behind the mentum “mn. ”, When we 
turn to the true Hemiptera (Heteroptera) , however, the parts have 
become so modified that it is very difficult to determine their homologies 
in many instances. Dr. Parshley has called my attention to the fact 
that hemipterists frequently interpret the structures labeled “ap” in 
Fig. 76, as the “labial palpi” in the belostomatids ; but Heymons does 
not consider that the structures in question are the true labial palpi, 
from his embryological studies. I am more inclined to regard the 
appendages “ap” of Fig. 76, as lateral lobes of the region “pgr,” which 
have become demarked by the formation of a secondary suture ; and the 
appendages “ap” therefore have nothing to do with the true labial 
palpi, which probably enter into the composition of the sclerite labeled 
“Ip?” in Fig. 76. The structures labeled “pgr” and “mn” in Fig. 76, 
are possibly the palpigers and mentum, “pgr” and “mn, ” of the Cicada 
shown in Fig. 75. 

I would call attention to the fact that in all of the coleopterous 
larvae which I have examined, the labial palpi, when v/ell developed, 
are made up of not more than two segments, while in all of the neurop- 
terous larvae which might be mistaken for coleopterous larv^ have at 
least three segments in the labial palpi. This distinction may be of value 
in distinguishing between the two types of larv®, since it is very difficult 
to find any characters for differentiating between the two groups of 
insects, and any distinguishing feature which “holds good” in the 
majority of cases, should be of considerable interest on this account. 
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The Dermapteron shown in Fig. 7 is a primitive, but highly aberrant 
earwig, and the condition occurring in its mouthparts may therefore 
not be as typical as though another form had been chosen to illustrate 
the group. In all of the Dermaptera which I have examined, however, 
the paraglossas “pg” (Fig. 7) are long and slender, and the glossa' have 
apparently been lost, so that these features, in conjunction with the 
peculiar character of the gula “gu” (which is a narrow transverse 
sclcrite in the earwigs) may be of value in characterizing the order 
Dermaptera. 

In the larvae of the Neuroptera related to the Alyrmelconidic (Figs. 
44 and 47) there is a tendency for the gula, “gu, ” submenlum, “sm,'* 
and mentum, “mn,” to unite, while the antcro-lateral structures 
labeled "'pgr’' bearing the labial palpi, “Ip,” acquire a greater mobility 
to compensate for the loss of movement on the part of the rest of the 
labial structures. The structure labeled “pgr” in Figs 44 and 47 may 
not be the exact homologues of the palpigers “pgr” of other insects; 
since other portions of the labium probably enter into their composition; 
but the term palpiger as applied to the structure in question is sufficiently 
accurate for practical purposes. In the neuroplerous larva shown in 
Fig. 46, the labial palpi are apparently composed of more than the 
usual three segments found in the palpi of most Orthoptera, etc., and it is 
quite probable that a secondary segmentation of the palpi has taken 
place in the Neuropteron in question. Faint indications of such a 
secondary segmentation of the labial palpi, “Ip” are to be found in 
the larva shown in Fig. 51, in which the labial palpi are either composed 
of but three actual segments, with a distinct palpiger having the appear- 
ance of a fourth segment, or a fourth segment has been formed in an 
originally three segmented labial palpus. The fact that the palpi 
are but three-segmented in the primitive neuropterous larvie shown in 
Figs. 25, 12, 15, etc., would indicate that three is the original number of 
the labial segments of the group as a whole. In connection with the 
discussion of the labial palpi of the Neuroptera, I would call attention 
to the palpimacule, “pm,” or sense organs borne on labial palps of the 
Myimeleonid shown in Fig. 70. A similar sense organ occurs on the 
labial palp of Nympkes (Fig. 72, “ pm ”) and this fact adds weight to the 
view that the Myrmeleonidae and Nymphes are quite closely related. 

The maxilla of an insect are homologous with the first maxillas 
(not the second maxillse, as Folsom and others maintain) of Crustacea, 
as may be seen by comparing an embryo of any primitive insect, with 
the embryo of a crustacean, such as the isopodan Jaera, figured by Mc- 
Murrich. The sternal region of the maxillary segment takes part 
in the formation of the hypopharynx, or tongue-like structure on the 
floor of the pharyngeal cavity, while the pleural region of the maxillary 
segment enters into the composition of the posterior region of the head, 
called the “trophiger, ” which is situated near the occipital foramen, or 
posterior opening through which the nerve cord, gullet, etc., pass into 
the head capsule. The pleural region of the maxillary segment is 
demarked from the pleural region of the labial segment behind it by 
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the posterior tentorial invaginations, according to Riley, 1904, in the 
embryo of the cockroach. 

The membrane at the base of the maxilla, labeled “bm” in Fig. 5, 
etc., may be termed the hasimaxillary membrane. A plate called the 
basimaxilla, ‘'bm, ” of Figs. 8, 9, etc., results from the chitinization and 
pigmentation of the membranous region at the base of the maxilla in 
certain coleopterous larvae, etc. This hasimaxillary plate, “bm, ” of 
Figs. 8 and 9, should not be confused with the subdivision of the cardo 
labeled “pac"’ in Figs. 5, 6, etc., since the latter sclerite, “pac, ” is a 
demarked subdivision of the cardo, and therefore docs not arise through 
a greater deposition of chitin and pigment in the membrane at the 
base of the maxilla, as is the case with the hasimaxillary plate. 

As was pointed out in a paper dealing with the maxills of orthopteroid 
insects (Crampton, 1916) the basal sclerite or cardo of the maxilla of 
the insect shown in Fig. 10, for example, is divided into a eucardo, 
“euc,” and a paracardo, “pac,” while the stipes, or second segment of 
the maxilla, is divided into a eusHpes, “eus,” and a parastipes, “pas.” 
The parastipes, “pas, ” however, is apparently a distinct narrow sclerite 
formed along the mesal margin of the stipes, and it is doubtful that it 
arose as a demarked portion of the stipes proper. In fact, it would 
appear from a comparison with the structures of certain Crustacea, 
that the parastipes, “pas, ” originally was a part of the basal segment or 
cardo, and become secondarily united with the stipes, but it is simpler to 
treat of the parastipes as a portion of the stipes. 

In a paper which will be published in the 1921 volume of the Pro- 
ceedings of the Ent. Society of Washington, it has been pointed out 
that the maxilla of a larval neuropteron such as the one shown in Fig. 23, 
corresponds in a remarkable fashion to the typical crustacean limb 
represented by the maxilliped of Gammarus (an amphipodan crustacean) 
for example, since in both cases, the mouthpart-limb is composed of 
seven segments, and the correspondence in the relative sizes of the 
individual segments, and the processes they bear, is marvellously close, 
when one takes into consideration the fact that we arc dealing with 
forms belonging to distinct classes of arthropods. Such a comparison 
of the parts in insects and Crustacea very clearly demonstrates that the 
basal segment or cardo, “car, ” of Fig. 23 represents the basal segment, or 
coxopodite, of a crustacean limb. The second segment, or stipes, 
“bs,” of Fig. 23, which bears a median process, “la,” (the lacinia) 
in the insect there figured, clearly corresponds to the second segment or 
basipoditc which also bears a median process or endite in a crustacean 
mouthpart-limb. The third segment, or palpifer, “ds,” of Fig. 23, 
which bears a median process, “ga,” (the galea), evidently coiTesix}nds 
to the third segment or ischiopodite, which also bears a median process 
or endite in the crustacean mouthpart-limb. The four segments of the 
maxillary palpus, “mp, ” of Fig. 23, correspond (even to the relative 
lengths of the component segment) very closeh' to the four .segments 
of the endopodite of the maxilliped or Gammarus, and there can be no 
doubt that the maxillary palpus of an insect’s maxillary appendage 
corresponds to the endopodite of a crustacean limb, while the palpifer 



1921 ] 


Crampton: Sckrites of the Head 


8 .) 


with its endite (the galea) and the stipes, with its endite (the lacinia) 
correspond to the third and second segments of a crustacean mouthpart 
limb (which also bear endites in Gam mar us' maxillipcd), and the cardo 
corresponds to the basal segment of such a crustacean mouth part-limb. 

A basistipes, “pst, ” is demarked in the basal region of the stipes, 
“sti,” of the Dcrmaptcron shown in Fig. 7, and if one compares the 
entire stipes region, bearing the labels “eus” and “i^as’' in Fig, 10, of 
a blattid, with the region labeled “pst” in Fig. 7, it should be ck^ar to 
anyone that the small basal area, “pst,” of Fig. 7 is not the entire 
stipital region “eus" and “pas" of Fig. 10 — which may be taken as the 
basis for comparison with the higher forms. Similarly, when one com- 
pares the maxilla of a primitive Coleoptcron, such as that shown in 
Fig. 4, with the maxilla of the Dermapteron (earwig) shown in Fig. 7, it 
should be perfectly evident that the latero-basal area, “pst" of the 
stipes of the beetles maxilla (Fig. 4) is in every way homologous with 
the latero-basal area, “ pst, " of the stipes of the earwig’s maxilla (Fig. 7). 
On this account, it is quite incorrect to term the area “ pst ’’ the “stipes " 
in beetles (Figs. 4, 3, etc.), as is done by coleopterists in general. In 
fact, if one compares the maxilla of the beetles shown in Figs 4, etc., 
with that of the beetle shown in Fig. 1, in which the stipes, "sti," is 
retained in a condition more nearly approaching that typical of the 
lower insects, it is at once apparent that the small area, "pst," of the 
beetle shown in Fig. 4 cannot possibly be homologized with the entire 
area, “sti," of the beetle shown in Fig. 1, and since the area “pst" of 
Fig. 4 evidently represents a basal subdivision of the entire stipes, it 
has been referred to as the basistipes in the present paper. A basi- 
stipes, “pst," is demarked from the stipial region only in certain 
Coleoptera (Fig. 4) and Dermaptcra (Fig. 7) so far as I am aware, 
and the presence of this peculiar subdivision of the stipes in the Cole- 
optera and Dermaptera alone, would add further support to the view 
that the Coleoptera are extremely closely related to the Dennaptera— 
which is borne out by the study of numerous other structural details as 
well. 

In the Dermapteron shown in Fig. 7, the palpifer, “pfr, " is clearly 
demarked from the stipes, but the palpi fer is not closely associated with 
the galea, "dg, " in this insect, as is the case with the Ian- a shown in 
Fig. 23. On the other hand, if one compares the larval Neuropteron 
shown in Fig. 23, with the larval Coleoptcron shown in Fig. 27, it will 
be noted that the palparium or palpifer, “ds," which bears the galea, 
"ga," is slender, and resembles a basal segment of the palpus in both 
of these insects, thus adding further support to the view that the Cole- 
optera are very closely related to the Neuroptera (as well as to the 
Dermaptera). The Coleoptera are anatomically intcimcdiate between 
the Dermaptera on the one side and the Neuroptera on the other, and, 
strange to say, an adult Colcopteron Is, as a rule, more like a Dermap- 
teron in structure than it is like a Neuropteron, while a larval 
Coleopteron is usually more like a larval Neuropteron in structure 
(although in some features larval Coleoptera are very like immature 
Dermaptera also). 
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In the Neuropteron shown in Fij;. 86, the pal pi for is adherent to 
the stipes, while in the Mccoptcron shown in Fig. <85, it is less closely 
associated with the stipes, and in the Mecopteron shown in Fig. 84 
it has the appearance of a basal segment of the maxillary palpus, “mp, ” 
I am not sure of this interpretation, however, since the structure 
interpreted as the palpifer may actually be a basal segment of the 
palpus, and on this account no label was affixed to the structure in 
question. In the beetle shown in Fig. 3, the palpifer, “pfr, ” is much 
larger than in most Coleoptera (Figs. 1,3, etc.) ; it has also developed a 
peculiar prominent palpi} eral angle or projecting angle-like process in 
the region bearing the label “pfr, ” and through a distortion or shifting 
of the parts, the maxillary palpus, “mp, ” comes to lie over the surface 
of the palpifer in a peculiar fashion. 

I had at first considered that the areas labeled “bs,-” “in” and 
“ds” in Fig. 2.5, for example, represent three divisions of the stipes 
(i. e., basistij^es, interstipes and dististipes) and therefore affixed to these 
areas labels indicating that they are divisions of the stipes. After the 
blocks for the plates had been made, however, and it was therefore too 
late to change the labelling, a further study of the palpiferal region 
brought to light considerable evidence for considering that the sclerite 
labeled “ds” in Fig. 25 represents the true palpifer or palparium, and is 
therefore not a part of the stipes. The area bearing the label “bs” in 
Fig. 25, however, is apparently a proxistipes, or proximal subdivision 
of the stijjes,. and the area labeled “in” is apparently a dististipes, or 
distal subdivision of the stipes. In Figs. 31, 23, 27, 22, 21, 20, 24 and 
26, on the other hand, the sclerite labeled “bs” apparently represents 
the entire stipes, rather than a proximal subdivision of the stipes, as 
the label indicates, while, the sclerite labeled “ds” in these figures 
apparently represents the true palpifer instead of a distal subdivision 
of the stipes, as the labels indicate. It thus comes about that the label 
“bs” indicates a basal subdivision of the stipes in Figs. 25, etc., but in 
the other figures mentioned above, the label “bs” indicates the entire 
stipes, but I have been unable to change the labeling in the plates to 
indicate this fact. 

In the sawfly larvse shown in Fig, 49 and 54, a narrow marginal 
region bearing the label “gg, ” bearing the galea “ga” is demarked by a 
well defined suture. The area labeled “gg” in these figures may rep- 
resent the palpifer, since it bears the galea — as is true of the palpifer 
in Fig. 23, etc. If this be correct, the sclerite labeled “pfr” in Figs. 
49 and 54, is merely a modified basal segment if the maxillary palpus, 
“mp, ” instead of representing the palpifer as indicated by the label. 
Provisionally, however, I have followed the customary usage of hymen- 
opterists in referring to the sclerite labeled “pfr” in Figs. 49 and 54, 
as the “palpifer.” In the sawfly larva shown in Fig. 30, the so-called 
palpifer, “pfr,” curves outward and forward to form the peculiar 
palpiferal process, while the stipes extends laterally in the stipital 
angle or process, bearing the label “sa. ” There is also a small cardine 
angle, “ea, ” in the sawfly shown in Fig. 30; and the peculiar processes 
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and angles formed by the ])arts of the maxilla? in the sawfl>- larva^ may 
offer points of value in their classification, 

The galea is divided into a basal segment, or hasigalea, “bg/’ and a 
distal segment, or distigalea, ^‘dg,” in the sawfly larva: shown’ in Figs. 
54 and 49, as is also the case with the galea “ga’^' of the larva^ shownlii 
Figs. 20, 22, etc. These segments of the galea are apparently homol- 
ogous with the two segments of the galea, ^*ga, ” of the beetle shown in 
Fig. 3, and with the structures labeled “bg” and “dg” in lower insects 
(Figs. 10 and 7). These parts of the galea were designated as the basi'- 
galea and distigalea in a paper dealing with the maxillae of Orthoptcra 
(Crampton, 1916); but Yuasa, 1920, in his paper on the mouthparts of 
the Orthoptera has substituted a terminology of his own for the parts in 
question. Since the designations originally^applied to the parts are as 
suitable as those which Yuasa has attempted to substitute for them, 
the original terminology has been retained in the jiresent paper. 

Since the galea, “ga," of the larva of Corydalis (Figs. 15 and 14) 
is not like that of the adult (“ga'’ of Fig. 11) in appearance, and since 
the lacinia, “la,” of an adult Corydalis (Fig. 11) cannot be readily 
detected in the larval stages (Fig. 15), there might be some doubt as 
to the interpretation of the parts in the larva and adult. I have there- 
fore included Dr. Craighead’s figures of the musculature of an adult and 
larval Corydalis (Figs. 11 and 14) in order to show that practically the 
same muscles occur in both stages (so far as the type of muscle is con- 
cerned) and furnish an excellent means of determining the homologies 
of the parts. As is shown in Dr. Craighead’s figures, the tcntcrio- 
cardine muscles labeled “3” and “4” in Figs. 11 and 14 extend from the 
tentorium to the cardo in both adult and larval stages of Corydalis, 
and the same paragula-cardine muscles bearing the label “5” extend 
from the paragular region to the cardo in both larval and adult head. 
Dr. Craighead states that “the cardo always articulates to the hypo- 
stoma and carries at least two muscles, one (number 3) attaching it to 
the tentorium, and the other (number 5) attaching it to the cpicranium. ” 
The tentorio-stipital muscle labeled “2” and the paragula-stipital 
muscle labeled “6” connect the tentorium and paragular region with 
the base of the stipes in both stages. With regard to the muscles to 
the galea and maxillary palpus, Dr. Craighead states that “the upper 
limit of the stipes, or more correctly, the insertion of its appendages, the 
galea and lacinia, is indicated by muscles “ 7 ” and “8, ” one attached to 
the base of the galea, the other to the basal joint of the palpi or palpifer 
and extending to the base of the stipes, or occasionally one may go to 
the cardo or a part of it may extend down further to the tentorium.” 
It is quite apparent that muscles “7” and “S” are the same in both 
adult (Fig. 11) and larva (Fig. 14) of Corydalis, so that the structure 
labeled “ga” in Fig. 14 must be the homologue of the galea “ga” (Pig. 
11) of the adult insect, since the same stipilo-galeal muscle “7” is 
attached to the structure labeled “ga” in both larva and adult. The 
lacinia, “la,” of the adult (Fig. 11) is apparently wanting in the larva 
(Fig. 14) of Corydalis, and Dr. Craighead states that “it (the lacinia) is 
considered to be lacking in most coleopterous larva?. However, in 
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certain larvjc. two lobes appear, and, as far as I know, only one carries 
muscles.” (The lacinia, '‘la,” of Fig. 11 is thought by Dr. Craighead 
to carry no muscles, thus resembling the inner lobe of the maxilla of the 
larval Colcoptera, in this respect). He also states that “in certain 
forms there are indications pointing toward a maxilla with only lacinia 
or only galea present.” In this connection, it may be remarked that 
the tentorio-labiostipital and tentcrio-palpigeral muscles labeled “9” 
and “10” in Figs 11 and 14, as well as the submento-mental muscles 
labeled “ 1 1 ” in these figures are the same in adult and larva of Corydalis, 
so that all of the important parts of the trophi (with the exception of 
the maxillary lacinia) of an adult Corydalis are represented in its larva. 

Although there is a slight difference between the mouthparts of an 
adult and larval Corydalis, as was mentioned above, the mouthparts are 
essentially the same in both larva and adult of the lower Neuroptera 
{Corydalis, Sialis, Rapkidia, etc.), the resemblance between the mouth- 
parts of the two stages being very marked in Raphidia (a larva of which 
is shown in Fig. 12), thus indicating a much feebler tendency toward 
complete metamosphosis in lower Neuroptera. When we turn to the 
larvae of the higher Neuroptera, however, wc find a much stronger 
tendency toward complete metamorphosis, and the mouthparts for the 
most part have become so greatly modified in adaptation to the “larval ” 
methods of getting food, etc,, (most of these larvae suck the blood of their 
prey) that it is very difficult to determine the interpretation of the 
terminal portions of the maxillae, and until suitable material for dis- 
secting the muscles has been obtained, the interpretation of the homol- 
ogies of the terminal portions of the maxillae is largely a matter of guess- 
work- Dr. Tillyard has suggested to me that the slender terminal 
portion of the maxilla bearing the label “mx” in the neuropterous 
larvae shown in Figs. 40, 44, 51, etc., may represent the lacinia labeled 
“la” in Fig. 23 of the larva of Sialis, and there is much to be said in 
favor of this view. On the other hand, the structure in question may 
not represent the lacinia “la” of Fig. 23, but may rather be homologous 
with the galea-bearing (or palp bearing) structure labeled “ds” in Fig. 
23, with which the galea (or the palp) has fused, and the interpretation 
of the structures in question can be definitely determined only when 
material suitable for study has been obtained for an examination of 
the musculature — although the remarkable larvae of Ithone recently 
discovered by Dr. Tillyard may throw some light upon this subject. 

The mandible of an insect represents a single basal segment of a 
trilobite limb, as can be seen by tracing the development of the mandi- 
bular appendage through a series represented by the trilobite Triartkrus, 
the Crustacea Nehalia, My sis, Apseudes, etc., and the insect Machilis — 
as has been done in a paper soon to be published in the Journal of the 
N. Y. Ent. Soc., 1921. When one studies such a series, it becomes 
apparent that the gnathobase region of the basal segment of the trilobites 
limb becomes differentiated into a biting region and a grinding region 
as we pass through the series of Cmstacca mentioned above, and the 
biting region become the incisor region bearing the “teeth” for cutting 
food, while the grinding region (which projects quite markedly in some 
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Crustacea) fonns the so-called mola or molar region in insects, the molar 
or grinding region of certain coleopterous larvae being a region of some 
interest in the classification of the larval forms. In the mandibles of 
Crustacea, a fringe of flattened seta-like hairs occurs below the incisor 
region, between the latter and the molar region of the niandilde. Some 
of the flattened seta-like struclun;s fuse to form a nio\'al)le appendage 
called the ''ladnia mobilis" by carcinologists, and some cntomologisns 
have thought that a similar “lacinia mobilis” in the mandibles of 
insects represents the lacinia of an insect’s maxilla. The idea that the 
\'arious parts of the maxilla are repeated in the mandible (proposed 
Packard, Smith, and other entomologists), which has received a rather 
widespread acceptance, is wholly unfounded and misleading, since 
the mandible represents only one segment (the coxopoditc) of a limb, 
while the body of the maxilla (i. e., the part at the base of the maxillary 
palpus) is formed of more than one segment of such a limb (i. c., the 
basipodite and ischiopodite) and the parts arc not at all comparalde in 
the mandible and maxilla, since they are formed in different wavs in 
the two structures. Furthermore, the palpus of the mandibular 'limb 
is lost in many of the higher Crustacea, and a structure homologous 
with the mandibular palpus of the Crustacea has not been found in 
any insects, despite the statement to the contrary made- by several 
persons who have not properly studied the evolution of the mandibular 
appendage in insects and related Crustacea. 

With regard to the portions of the head capsule formed bv the 
mandibular segment, there is a considerable difference of o]nnion on 
the part of embryologists in this matter. Thus Riley, 1904, states 
that a part of the postgena is formed by the pleural region of the 
mandible, while a portion of the hypopharynx is fonned by the sternum 
of the mandibular segment. Holmgren, 1909, on the" other hand, 
ascribes the “vertex” and gcnac to the mandibular segment, in addition 
to the upper portion of the hypopharynx. It is difficult to believe that 
the genas which are situated immediately above the mandibles and 
bear the mandibles in most insects, arc not portions of the mandibular 
se^ent, rather than parts of the protoccrebral segment to which 
Riley, 1904, assigns the genie. I have, therefore, followed Holmgren 
in ascribing the gcnac to the mandibular segment. As far as the basi- 
mandibida “bmd” of Fig. 39 is concerned, this sclerite is apparentlv 
formed by a chitinization of the articulating membrane at the base of 
the mandible and is not homologous with the trochantin or plate at the 
base of the leg in the thorax, as Comstock and others have maintained. 
Since the sclerite “bmd” of Fig. 39 is fonned by the chitinization of the 
basimandibular membrane, or the articulatory membrane at the base 
of the mandilde, it is also a part of the mandibular segment, as Riley, 
1904, states, although it is strange that Riley did not also consider 
that the gena “ge” of Fig. 39, which is so closely associated with the 
region “bmd” is not also a portion of the mandibular segment. 

The mandibles have two principal articulations with the head 
■capsule. The dorsal articulation of the mandible occurs near the postero- 
lateral angles of the clypeus, and the condyle of the mandible which 
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articulates with this region is called the epicondyle, cr dorsal condyle 
of the mandible. A ventral condyle of the mandible called the hypo- 
condyle articulates in an acetabulum or groove of the hypcstomal region 
of the under side of the head. Comstcck and Kochi, 1902, use the 
terms dorsal and ventral articulations of the mandible in the opposite 
sense from that employed here; but it is more logical to refer to an 
articulation which is on the dorsal surface of the head as the “dorsal 
articulation of the mandible,” and the articulation which takes place 
on the ventral surface of the head as the “ventral articulation of the 
mandible, ” without reference to any supposed original position of the 
scleritcs involved in these articulations. 

The hypo pharynx, in the broad sense of the tenn, includes not only 
the median tongue like organ or lingua, which projects from the floor 
of the mouth cavity, but also the paragnaths (called “ superlingu^ ” and 
“ paraglossa:”), or lobe-like structures on either side of the median 
tongue, in such insects as Hemimerus, immature ephemerids, etc. 
Since the median tongue-like lingua is usually the only portion of the 
hypopharynx to be retained in certain insects, the term hypopharynx 
is usually applied to the lingua alone. The lingua is formed by the 
stemites of the labial, maxillary and mandibular segments, according 
to the embryological investigations of Heymons, Holmgren, and others; 
and a study of the Crustacea would indicate that this view is the correct 
one, since a ridge which is apparently the forerunner of the lingua of 
the hypopharynx of insects, is formed in the sternal region of the 
mouthpart segments of certain Crustacea, 

The paragnaths (“superlinguae”) or lobe-like structures on either 
side of the median tongue or lingua of the hypopharynx of insects are 
clearly the homologues of the paragnaths of Crustacea, as may be seen 
by comparing the structures in question of an immature mayfly with 
the paragnaths of Crustacea such as Asellus, various Isopoda, Amphi- 
poda, etc., (see article in Psyche, 1921) so that it is preferable to apply 
to these structures of insects the term applied to their homologues, the 
paragnaths, in Crustacea, instead of employing the term “super- 
linguae” or the incorrectly applied term “ paraglossae ” (which should be 
restricted to the labial structures of this name) for them. The par- 
agnaths of Crustacea are apparently detached lobes of the first maxillae 
which take up a position behind and slightly mesal to the bases of the 
mandibles in the higher forms; but in A pus and other primitive 
Crustacea, they are evidently lobes of the first maxillae. It is wholly 
incorrect to homologizc the paragnaths of insects with the first maxillm 
(maxillulae) of Crustacea, and to homologizc the first maxilla; of insect.s' 
with the second maxillae of Crustacea, as is done by practically all 
recent investigators, since the paragnaths of insects are in every way 
homologous with those of Crustacea, and the first maxillae of insects 
represent the first maxillae (not the second maxillae) of Crustacea, as 
has been shown in an article in the Transactions of the Entomological 
Society of London, 1921, and in an article which will shortly appear in 
the Proc. Ent. Soc. Washington, 1921. 
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The tentorium is apparently formed by three pairs of in\'ayinations, 
uvo of which are anterior (a dorsal and ventral anterior pair of hivayina- 
lions) forming the dorsal and ventral anterior arms of tlie tentonum, 
while the posterior ventral pair of invaginations form the posterior 
ventral arms of the tentorium. These tentorial arms, whose ])osition 
is marked by the fronial pits, gular pits, etc., extend internallv to the 
body of the tentorium. The ventral anterior anns of the tentorium 
may meet and unite to form a plate eallcd the frontal plate of the ten- 
torium by Comstock and Kochi, 1902. 

Infoldings of the integument called implexes or endoplicce arc fre- 
quently formed in the different regions of an insect’s body, for the 
attachment of muscles, or for the strengthening of the Ixxly wall 
somewhat after the manner of corrugations in sheets of metal. In the 
head capsule, however, these internal folds for the most part form 
ridges for muscle attachment. These have been described under the 
discussion of the regions of the head capsule in which thev occur. 

The foregoing description of the parts in insects in general, is offered 
merely as the basis for a further more detailed discussion of those 
external features of in.sect morphology which ap^x^ar to be of value in 
determining the phylogeny and interrelationships of the various groups 
of insects (and their arthropodan relatives), and on this account the 
modifications occurring in many of the orders have not been treated of 
in the present paper, since these can be taken up more profitably in a 
detailed discussion of each group taken separately. The evidence 
bearing upon the question of the phylogeny or of the' interrelationships 
of the different groups of insects which have been described in the 
present paper, may be briefly summarized as follows, leaving the more 
detailed comparison of the parts in the different orders to be discussed 
later. 


Relationships Indicated by the Head Structures. 

A comparison of the head structures of the Diptera with those of 
the Mecoptcra would indicate a very close relationship between these 
two orders. The fact that the labial palpi, “Ip,” assume the form of 
fleshy lobes at the end of the labium in the Mecopteron shown in Fig. 
84, the fact that the lacinia of the maxilla is lost, and the galea, “ga,” is 
reduced to a short slender structure, and the presence of the sense organ 
labeled “so” in the maxillary palpus of the scorpion fly shown in Fig. 
84, all point to a close relationship to the Dipteron shown in Fig. 83, in 
which the same tendencies occur, and the sense organ, “so,” occurs on 
exactly the same segment of the maxillary palpus as in the Mecopteron 
shown in Fig. 84. These facts are in full accord with the evidence of 
relationship between the Diptera and Mccoptera drawn from the study 
of the other regions of tlie body, such as the thoracic terga and wing 
bases, the genitalia and terminal abdominal structures, etc. 

The Mecoptcra may, therefore, be regarded as the nearest living 
representatives of the types ancestral to the Diptera, although it is by 
no means certain that both Diptera and Mecoptcra were not derived 
from Neuroptera-like ancestors. In fact the latter is even more probable, 
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since the tendencies present in such Neuroptera as Xemoptera (e. 
the reduction of the hind wings to mere ribbon -like structures, suggesting 
the ])recursors of the haltercs of Diptcra, the elongation of the head 
region and the slender character of the mouthparts, which apparently 
l)resagc similar tendencies occurring in the Diptera, the nature of the 
male genitalia, etc., which arc somewhat like those of certain Diptera) 
are those which one finds recurring in many Diptcra, and a number of 
these tendencies are also exhibited by certain Mecoptcra. In fact, 
Nemoptera has more features suggestive of affinities with the Mccoptera 
and the Diptera than any other Neuropteron which I have been able 
to examine, and it serves as a connecting-link between the Neuroptera 
on the one side, and the Mecoptera, with the Diptera, on the other. 
Nemoptera, however, is a rather highly specialized Neuropteron, and, 
since the Mecoptera (and even the Diptera also) have retained certain 
features (genitalia, etc.) in a more primitive condition than Nemoptera 
has, the probabilities are that the Mecoptera (and Diptera) were 
derived from a common ancestral type which gave rise both to 
Nemoptera and to the Mecoptera, etc. Aside from the presence of the 
ligula, “Ig, ” in Nemoptera (Fig. 86) the mouthparts of this insect are 
apparently even more like the mouthparts of the Mecopteron Bittacus 
(Fig. S5) than they arc like the mouthparts of other Neuroptera, as one 
can see by comparing Fig. 86 of Nemoptera with Fig. SI of a Neuropteron 
fairly closely related to Nemoptera, since the slender columnar structure 
bearing the labels “sm'' and “mn" in Fig. 86 of Nemoptera bears a 
much stronger resemblance to the region bearing these labels in Fig. 85 
of the Mecopteron Bittacus, than it does to the region bearing these 
labels in the Neuropteron shown in Fig. 81. Similarly the long slender 
maxillary galea, "ga,” and the slender lacinia, “la,” with its peculiar 
fringe in Nemoptera (Fig. SG) resemble the structures bearing the same 
labels in Bittaais (Fig. 85) much more closely than they do the structures 
bearing the same labels in the Neuropteron shown in Fig. 81. These 
and many other features of the body in general indicate a close relation- 
ship Nemoptera and the Mecoptera (with the Diptera), and I 

am convinced that the immediate ancestors of the family to which 
Nemoptera belbngs (i. e., the Nemopteridae) bore a very striking resem- 
blance to the ancestors of the Mccoptera (with the Diptera). At any 
rate, we must admit that in order to properly interpret the homologies 
of the mouthparts, etc., of the Mecoptera and related forms, it is 
necessary to first vStudy these structures in Nemoptera, so that there can 
be no possible objection to regarding Nemoptera as a form 
morphologically annectant between the rest of the Neuroptera and 
the Mccoptera (with their allies) even though Nemoptera itself may not 
stand in the direct line of descent of the Mccoptera and Diptcra. 

The Hymenoptera exhibit some very close resemblances to the 
Neuroptera in the nature of the mouthparts, and I am rather surprised 
that the points of similarity between the Coleoptera and Hymenoptera 
found in other structures, are not more evident in the mouthparts, 
although when more favorable material has been studied, other forms 
will doubtless be found which exhibit a greater resemblance between 
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the mouthparts of the two grmips. The character of the structures 
bearing the label “pg” in Fig. 77 of a Hymenopteron is somewhat 
suggestive of the condition found in the Neuroptcra (Fig. 81), and 
the tendency for the cardo, “car,” of Fig. 77 to straighten out in line 
with the stipes, “sti,” occurring in the H>maenoptcra is also found in 
certain Neuroptera. On the other hand, the tendency to lose the lacinia^ 
and the character of the galea, “ga,” of the Hymenopteron shown in 
Fig. 77 are features suggestive of the Mecoptera, such as the one shown 
in Fig. 84. In fact, the Mecoptera are related to both Neuroptera and 
Hymenoptera, and have apparently inherited tendencies from both 
sources. 

In many respects, the Hymenoptera are fully as primitive as the 
Neuroptera, and in certain features are even more primitive than the 
Neuroptera (e. g., nature of the genitalia, retention of cerci, etc.), and 
I am inclined to seek for the types ancestral to the Hymenoptera among 
the forms related to the Isoptera (with the Psocida and Zoraptera) 
on the one hand, and to the Coleoptera (with the Dermaptera) on the 
other. The mouthparts, however, do not furnish as instructive evidence 
as might be desired, since even in such primitive Hymenoptera as the 
one shown in Fig. 80, the mouthparts are quite highly modified. Even 
the larval mouthparts are very disappointing in this respect in the 
Hymenoptera, since they do not bear a striking resemblance to the 
mouthparts of any of the larvae here figured, although one can detect 
a slight suggestion of affinities with the Coleoptera, on the one side, 
and with the I>epidoptera on the other. The Mecopteron shown in 
Fig. 19 is also disappointingly unlike any of the other insects figured, 
though it has a few features suggestive of affinities with the Trichoptera. 
It certainly is much more specialized than the primitive Neuroptcra 
studied, and unless Dr. Tillyard can find some Mecopteron larva of 
a far more primitive character, he is not justified in assuming that the 
Mecopterous type is more primitive than the Neuropterous one (taking 
the group as a whole). 

The evidence offered by the head structures is in full accord with the 
former contention (Crampton, 1920) that the Coleoptera are anatom- 
ically intermediate between the Dermaptera on the one side and the 
Neuroptera on the other, and this may have some bearing upon the 
question of the origin of the Neuroptera. Of the two groups (Coleoptera 
and Neuroptera) the Coleoptera are clearly the more primitive, with the 
exception of the feature of the highly modified fore wings. Other very 
lowly organized insects such as certain Blattidac have fore wings quite 
as highly modified as the most primitive Coleoptera, however, and the 
fore wings of the Dermaptera are even more highly modified than those 
of the primitive Coleoptera, so that this feature is of no great importance 
in determining the relative primitiveness of a group of insects as a 
whole. The occurrence of the peculiar sclerite, “pst,” found only in 
the maxillae of Coleoptera (Fig. 4) and Dennaptera (Fig. 7), in addition 
to other features of resemblance in the two groups (e. g., the nature of 
the antennal segments, the segmentation of the cerci in certain immature 
Coleoptera and Dermaptera, the character of the thoracic terga, etc.) 
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indicates a close relationship between the Coleoptera and the Dc‘r- 
maptera. On the other hand, the occurrence in coleopterous and 
neuropterous larvae of the peculiar type of maxillge with both palp, 
“mp, and slender galea, “ga,” borne on a slender segment-like 
structure, “ds, ” (see Figs. 23 and 27) in addition to other features of 
resemblance in the larva3 of the two groups (e. g., nature of the thoracic 
sclerites, etc.), indicates a close relationship between the Coleoptera 
and the Ncuroptcra. In fact, it is e.Ktremely difficult to discover any 
features which wilh distingiiish a larval Colcopteron from a larval 
Neuroptcron in every case, and certain coleopterous larvae might 
readily be mistaken for neuropterous larvre, so great is the similarity 
between the two groups. The Coleoptera, however, are the more 
primitive of the two orders (Neuroptera and Coleoptera) and serve to 
connect the Neuroptera with the insects related to the Dermaptera 
on the one side and with those related to the Isoptera (with the Zorap- 
tera) on the other. In some respects, the Coleoptera arc very like the 
Embiidae, particularly in the nature of the head capsule and certain of 
the mouthparts, as may be seen by comparing Fig. 17 of a beetle with 
Fig. IS of an embiid ; and the “roots of the Coleopteron line of develop- 
ment strike down deeply into the group of insects related to the 
Dermaptera (i. e., the Embiidae and Plecoptera) , some of the coleopterous 
features being even more primitive than these features in the Dermaptera 
although the Dermaptera as a whole are much more primitive than the 
•Coleoptera. 

The head region of certain Psocidai (sensu lato) is very like that of 
some of the Neuroptera (and Hymenoptera also), particularly in the 
frontal region of the head. The fact that the head region of seme 
Hemiptera (Corixidae, etc.) overlaps the pronotum is a feature indicating 
a relationship to the Psocidee, when taken in conjunction with other 
resemblances in the head capsule of the two groups (Hemiptera and 
Psocidac). The type of head found in the Psocidas was apparently 
derived from the Zorapteron type, which in turn was derived from a 
Plccopteron type (although the Zoraptcra are undoubtedly related to 
the Isoptera as well) . From the morphological standpoint alone, the line 
of development of the Hemiptera would therefore be suggested by the 
series Plecoptera, Zoraptera, Psocidae, Homoptcra (the Psyllida? 
approach the Psocidas in many respects) and Hemiptera. The Thysan- 
optera also approach the Psocidae in many respects, and I have found 
a psocid whose hpad is very suggestive of the type leading to the 
Thysanopteron type, as will be brought out in a later publication. 
Not only does the typical psocid head approach the Neuropteron 
type in many respects, but the head of a sawfly also resembles both 
of these types very markedly and the evidence offered by a study of 
the head structures is quite in accord with the former contention 
(Crampton, 11)20) that the Hymenoptera are anatomically intermedi- 
.ate between the Psocidae and the Neuroptera. 
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The Head Capsule op the Neuropteka. 

Since the Neuroptera are an extremely important ^n'oiip from the 
standpoint of the study of the phylogeny of the higher insects, I ha\’e 
drawn as many types of neuropterous heads as 1 have been able to 
examine, in order that anyone wishing to find out what modifications 
of the head capsule are to be found in the group, may be able to determine 
which families give indications of being of value for a phylogenetic 
study. Furthermore, although a study of the head region alotre is of 
no great value in determining the interrelationships of the members 
of the order Neuroptera, there are certain features of the head region 
which offer indications of relationship between certain insects, aiurthe 
evidence of the head region should be added to that drawn from the 
study of other parts of the body, in attempting to determine the inter- 
relationships of the families of Neuroptera. 

The character of the mouthparts of the larval Sialis shown in Fig. 

would indicate that Sialis is as primitive as any of the Neuroptera, 
and the head capsule in general (Fig. 40) of the larva is as primitive as 
any. The secondary marking off of the areas labeled “pcF’ on either 
side of the clypeus of the larvae of Raphidia and Corydalis (Figs. 41 and 
42) represents a higher degree of specialization than^is exhibited by the 
larva of Sialis (Fig. 40). On the other hand, the nature of the occipital 
region, “ocp, ” in the head region of the larvae of Raphida and Corydalis 
(Figs. 41 and 42) in addition to the presence of the peculiar scleritcs, 
“pel,” in these larvae indicates a rather close relationship between the 
two, and the line of development of the Rhaphidida- and Corydalidaj 
apparently quickly merge as wc trace them back to that of the Sialis 
type. The head of a Ckauliodes larva is so like that of a Corydalis 
larva that there is practically no difference between the two, and there 
can be no doubt that Ckauliodes is extremely closely related to Corydalis. 
The head capsule of Ckauliodes (Fig. 34) furni.shes an excellent starting 
point in taking up the study of the head region of the higher Neuroptera, 
and it is approached by Folystochoetes and also by Oliarces, Jihone and 
other Ithoniidac as closely as any other higher forms. Oliarces' head is 
remarkably similar to that of Itkone, as may be seen by comparing Fig. 
33 with Fig, 52, and there can be no doubt that these two insects belong 
to the same family (Ithoniidac) as is also true of Rapkisma, although 
Tillyard in his monograph of the Ithoniidie decs not include these 
insects (Oliarces and Rhapisma) in the family. Furthermore, the 
head capsule of the Ithoniidas is remarkably like that of the primitive 
Lepidoptera and Trichoptera described by Crampton, 1920, and I am 
convinced that the Lepidoptera and Trichoptera were descended from 
ancestors very similar to those of the Ithoniidas. 

With regard to the relationships of the Nemopterids, which are of 
great interest from the fact that they approach the Mecoptera and 
Diptera in many respects, it must be admitted that the adult heads 
give but few clews as to their nearest relatives. The head structures 
of the Nemopterid Croce, however, have been figured by Imms, 1911, 
and indicate that the Nemopterid type was probably derived from forms 
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related to the Ascalaphidce and Mymieleonidac. The head of a larval 
Ascalaphid (Fig. 47) is extremely similar to that of a larval Myrmcleonid 
(Fig. 44) and the head of an adult Myrmeleonid such as that shown in 
hhg. 70 is very like that of Nympkes (Fig. 72) even to the presence 
of the sense organ, “ pm, '' in the labial palpi of both insects, so that the 
NymphidaD very probably represent the types ancestral to the 
Myrmeleoiiidae, etc. 

The head and mouthparts of Psychopsis (Fig. 46) are somewhat 
intermediate between the Myrmeleonid type (Fig. 44) and the 
Hemerobiid type, w^hich is extremely like that of the Chrysopidse 
(Fig. 51) and Psychopsis may, therefore, be regarded as a connecting 
link between the two groups. The head of an adult Psychopsis (Fig. 71 ) 
is very like that of the Myrmeleonid shown in Fig. 70, and so far as the 
evidence of the head alone is concerned, Psychopsis is quite close to the 
Myrmeleonids in many respects. Whether Psychopsis ' leads back 
through the Hemerobiid and Chrysopid type to the Ithoniid type of 
Neuropteron, I cannot say, since the head alone offers insufficient 
evidence upon which to base one’s conclusions in this matter. 

The head of Nothochrysa (Fig. 66) is extremely like that of Apochrysa 
(Fig. 67), while that of Euporismus (Fig. 68) has many features sug- 
gestive of affinities with Stenosmylus (Fig. 63). Miodactylus (Fig. 69) 
resembles Stenosmylus (Fig. 63) on the one hand and Nymphes (Fig. 72) 
or the Myrmeleonids, on the other. Porismus (Fig. 65) is quite like 
Euporismus (Fig. 68) in many respects, but also shows some points of 
resemblance to Psectra (Fig. 62). Psectra (Fig. 62) is very like Sisyra 
(Fig. 59) and Climacea (Fig. 60) also, and Climacea in turn bears a 
resemblance to Conwenzia (Fig. 61). Osmylus (Fig. 58) is obviously 
related to the other Osmylidse, Hcmerobiid£e, and Chrysopidse, but it 
also bears a resemblance to Climacea and Conwenzia. Sisyra, Climacea, 
Conwenzia and similar forms were probably derived from ancestors 
resembling the Ithoniidae (Figs. 52 and 53), a family which should include 
the genera Oliarces and Rhapisma, as well as Ithone, although Oliarces 
has never been included in the family (excepting by Crampton, 1920) 
despite the fact that its head is exactly like that 'of Ithone (compare 
Figs. 52* and 53) as is also true of the thoracic sclerites, etc. 

M antispa (Fig. 57) is a very peculiar form, and its affinities cannot 
be determined from the adult head alone. Its head resembles that of 
Chrysopa, in some respects, and its closest affinities may be with these 
insects. On the other hand, the head of Mantis pa exhibits some 
similarities to the head of Nemoptera, although these resemblances are 
probably more superficial. The resemblance to the head of Conwenzia 
is more marked, and it is possible that Mantis pa may be related to both 
Chrysopa and Conwenzia. 

* Dr. Tillyard has very kindly given me some specimens of Ithone preserved in 
alcohol, and an examination of this material (made after this paper had been 
prepared) would indicate that the labial region in Figs. 52 and 53 was so distorted 
as to be quite “luinatural” in the dried specimens from which the drawings were 
made. 
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SUMMARY. 

The principal structures of the head, the sderites of the 
head capsule, and the subdivisions of the mouthparts may be 
briefly summarized in the following table in which the relations 
of the parts to one another are also shown. 


Epicranium. 


'Occiput 1'rophiger 


Parietals 


Facies 


'Postcranials 

Vertex 

Adfrontals 

Parafrons 

fAntefrons Epistoma 

Frons jPostfrons 

fAnteclypeus 
Clypeus \Postclypeus 


fGenje, with Basimandibula 
Laterocraniumj fHypostoma 

[Postgenae \Paragula 


Gulamentum 


'Gula 

^Submentum 


Men turn 


Eulabium. 


True labium.. 


'Labial palpi 
Palpiger 
Labiostcmite 
Labiostipes 

J^igula 


jGlossae 
[ Paraglossae 


I Basimaxilla 

Maxillary 
•palpus 
Body of 
maxilla 


Mandible 
Labrum. . 


'Ante lab rum 
Tostlabrum 


fCardo fEucardo 

I iParacardo [Dististipes 

I fEustipes jProxistipes 

I Stipes fParastipes [Basistipes 


Palpifer 

Galea 

Tacinia 


Epipharynx 

Hypopharynx fLingua 

\Paragiiachs (parts of maxilla associated with hypopharynx) 

Endoplic® 


Tentorium, 


'Body of tentorium 
Frontal plate of tentorium 
Dorsal anterior arms 
Ventral Anterior arms 
posterior arms 
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A study of the embryological development of the head of an 
insect and a comparison with the head region of the Crustacea 
(which are like the ancestors of insects) would indicate that 
six primitive segments enter into the composition of the head 
of an insect. The protocephalon, antennal, intercalary, man- 
dibular, first maxillary, and second maxillary (labial) segments 
of an insect’s head correspond to the protocephalon, antennular, 
antennal, mandibular, first maxillary, and second maxillary 
segments, respectively, in a crustacean’s head. The so-called 
“superliriguae” of insects are homologous with the paragnaths, 
not with the “maxillulae” (first maxillae) of Crustacea. The 
mandible of an insect represents only one (the basal) segment 
of a crustacean’s limb, while the body of the maxilla of an 
insect is composed of several segments of such a limb, so that 
the parts of an insect’s maxilla are not represented in the 
mandible. 

In conjunction with other structures of the body, the head 
region of insects furnishes indications of a relationship to the 
Crustacea on the one side, and to the Symphyla on the other. 
Machilis among the Apterygota, and the ephemerids among 
the Pterygota have retained a number of features suggestive 
of affinities with the Crustacea, and the head region of Machilis 
would indicate that it is an extremely ancient type related to 
such forms as Lepisma Nicoletia, etc. (and also to Japyx and 
Campodea) on the one hand, and to the Collembola on the other. 
The head of Machilis, Lepisma and Nicoletia among the 
Apterygota have more suggestions of crustacean affinities, 
while the head of Japyx and Campodea is very like that of 
Scolopendrella and other Symphyla-like forms. 

Lepisma offers a connecting link between Machilis (which 
leads to the crustacean forms) and the lower winged insects 
such as the Plecoptera, ephemerids, etc., and the head of 
immature Plecoptera approach as closely as any type, to that of 
Lepisma. The head of an immature Plecopteron on the other 
hand, is extremely similar to that of Arixenia among the 
Dermaptera. The head structures of the Dermaptera (and the 
Embiidae also) in turn lead to the type found in Coleoptera, 
particularly in the structure of the maxillae. As we trace the 
head types from the Coleoptera upward, the Neuroptera appear 
to be the next of kin, since the head structures of larval Coleop- 
tera and Neuroptera are astonishingly alike. The Neuroptera 
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in turn lead to the Mecoptera, Diptera, and Siphonaptcra, 
on the one hand, and to the Trichoptera and Lcpidoptera on 
the other, the neuropterous ^head which most resembles the 
head of the Mecoptera and Diptera being that of Neiuoptera, 
while the neuropterous head which most resembles that of the 
Trichoptera (such as Philopotamus) and Lepidoptera (such as 
the micropterygids) is the head of Oliarces and other Ithoniidie.* 

The head of a Zorapteron is intermediate betw^een that of 
certain Plecoptera such as Capnia, Leuctra, etc., and the 
Psocid type. Certain of the Psocidae, in turn, have elongate 
heads suggestive of affinities with the Thysanoptera, while 
others exhibit undoubted affinities with the Homoptera and 
Hemiptera. The head of a mallophagan was undoubtedly 
derived from the psocid type, and the head structures of the 
Pediculidae exhibit affinities with the Mallophaga, etc., as well. 

The head structures of Hymenoptera are rather puzzling. 
They exhibit features suggestive of the Mecoptera on the one 
side, and with the Neuroptera, as well as the Zoraptera and 
Psocidae, on the other. The Psocidae likewise exhibit certain 
features very suggestive of a relationship to the Neuroptera, 
and there is apparently a rather complicated interrelationship 
between these groups, as is shown in the head structures as 
well as in other features of the body, such as the ovipositor, 
etc. In certain respects, the head structures of Hymenoptera 
(even of the sawflies) are rather highly modified, but the sawfly 
type is a far more ancient one than it is commonly supposed 
to be, and probably arose from ancestors intermediate between 
the Zoraptera (with the Isoptera) on the one side, and the 
Coleoptera (with the Dermaptera) on the other. 

The study of the head and its appendages has shown that 
these structures are of prime importance for a study of the 
interrelationships and phytogeny of insects, and before we can 
arrive at the correct conclusion concerning the evolution of the 
various orders, and the origin of the Hexapoda, it will be neces- 

*The Hemiptera (and Homoptera) arc related not only to the Psocidae, but 
to the Lepidoptera, Mecoptera, and Neuroptera. as well and exhibit many features 
suggestive of affinities with the Lepidoptera and Mecoptera. The lines of develop- 
ment of these forms apparently arose at the point where the Neuroptera and 
Psocidae began to diverge, and therefore took over in their development, features 
common to both. Under these conditions it is readily seen that the Lepidoptera 
may resemble the Psocidae and Hemiptera (Homoptera) on the one shde, and the 
Neuroptera, etc., on the other, and this fact has not been sufficiently emphasized 
hy students of insectan phylogeny. 
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sary to make a detailed study of the head, neck plates, thoracic 
sclerites and appendages, and the terminal abdominal structures, 
if the results are to be based upon a firm foundation, since any 
view based upon the study of the wings alone, and not sup- 
ported by the evidence drawn from the study of other parts 
of the body as well, can be accepted only with reservation. 
So far as the study of the origin of insects and their immediate 
relatives is concerned, I have found the head structures, and 
the mandibles in particular, to be of the greatest value; and the 
study of the head structures in the various orders of insects 
promises to be of equal importance in determining the inter- 
relationships of insects themselves. 
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ABBREVIATIONS. 


ac anteclypeus. 

af adfrons. 

anf antennifer. 

ant antennae. 

ap labiappendices. 

bat basantenna. 

bg basigalca. 

bl basilacinia. 

bm basimaxilla. 

bmd basimandibula. 

bs stipes, or its basal portion. 

ca cardine angle. 

car cardo. 

cl clypeus. 

cs coronal suture. 

dg distigalca. 

ds palparium, or palpifer. 

cc epicondyle. 

eps epistoma, 

euc eucardo. 

eu.s eustipe.s. 

f laciniafimbrium. 

fp frontal pits. 

fr frons. 

fs frontal suture. 

g galeafimbrium. 

ga galea. 

ge gena. 

gg galeafer (possibly palpifer). 

gl glossa. 

gp gular pits. 

gu gula. 

he hypocondyle. 

hs hypostoma. 

in dististipes. 

is interstemite (postgula). 

1 labrum, 

la lacinia. 

Ic lacinial cleft. 


Ig ligula. 

Ip labiopalpus (labial palp). 

Is labiostipes. 

m myocicatrix. 

md mandible. 

mgs — midgular suture, 
mn mentum. 

maxillipalpus (maxillarv palp). 

mx maxilla. 

oc ocelli. 

ocp occiput. 

pa parietals. 

pac paracardo. 

pas parastipes. 

pc postclypeus. 

pel paraclypeus { ‘ ‘jugum ? ” ) . 

pf parafrons. 

pfr palpifer (in some cases basal 

segment of palp?). 

pg paraglossai. 

pgr palpiger. 

pgu paragula. 

pm palpimaciila. 

poe postorbital crest. 

prg pregula. 

prm. . . .basilabnim (premental plate). 

ps lateroeranial (paracephal) 

sutures. 

pst basistipes. 

sa stipital angle. 

sar sensarea. 

sc sensorium. 

sm submentum. 

sml submentales. 

so sense organ. 

spt spinneret, 

sti stipes. 

stm stemmata (larval "ocelli”). 

X attachment of stipital plica. 


MUSCLES. 


1. 

2 . 

4. 

5. 

6 . 


tentorio-intramaxillary muscle, 
tentorio- stipital muscle, 
ten torio-paracar dine muscle, 
tentorio-eucardine muscle, 
paragulo-cardine muscle, 
paragulo-stipital muscle. 


7. tentorio-galcal muscle. 

8. stipito-palpal muscle. 

9. tentoriodabioslipital muscle. 

10. tentorio'palpigeral muscle. 

11. submen tn-menta' muscles. 
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EXPLANATION OF PLATES. 


(Unless otherwise stated, all Figures are of adult insects). 

Plate IL 

Fig. 1. Posterior view ofright maxilla of Ckauliognalhis marginatus (Coleoptera), 
Fig. 2. Posterior view of right maxilla of Coryddis cornutus (Neuroptera). 

Fig. 3. Posterior view of right maxilla of Ffarpa/wi (Coleoptera). 

Fig. 4. Posterior view of right maxilla of Necrophonis (Coleoptera). 

Fig. o. Posterior view of head of larval Silphid (Coleoptera). 

Fig. f). Posterior view of head of Gryllus (Orthoptera). 

Fig. 7. Posterior view of head of Arixenia (Dermaplera). 

Fig. 8. Posterior view of head of larval Pyrochroid (Coleoptera). 

Fig. 9. Posterior view of head of larval Tenebrio (Coleoptera). 

Fig. 10. Posterior view of head of Periplaneta orientalis (Blattida). 

Plate 111. 

Fig. 11. Posterior view of head of Corydalis (Neuroptera). 

Fig. 12. Posterior view of head of larval Rapkidia (Neuroptera). 

Fig. 13. Posterior view of head of alate Termopsis (Isoptera). 

Fig. 14, Posterior view of head of larval Corydalis (Neuroptera). 

Fig. 15, Posterior view of head of larval Corydalis (Neuroptera), 

Fig. 16. Posterior view of head of Termopsis soldier (Isoptera). 

Fig. 17. Posterior view of head of Ffflr/w/wj (Coleoptera) . 

Fig. 18. Posterior view of head of Emhia major (Embiidina). 

Fig. 19. Posterior view of larval Panorpa (Mecoptera) . 

Plase IV. 

Fig. 20. Posterior view of mouthparts of larval Limnephilid (Trichoptera). 

Fig. 21, Posterior view of mouthparts of larval Psilotreta (Trichoptera). 

Fig. 22. Posterior view of head of larval Elaterid (Coleoptera). 

Fig. 23. Posterior view of mouthparts of larval Sialis (Neuroptera). 

Fig. 24. Posterior view of mouthparts of larval Polycentropid (Trichoptera). 

Fig. 25. Posterior view of mouthparts of larval Prionyxtus (Lepidoptera). 

Fig. 26. Posterior view of mouthparts of larval Rhyacophila (Trichoptera), 

Fig. 27. Posterior view of head of larval Hydrophilus (Coleoptera). 

Fig. 28. Posterior view of right maxilla of larval Sckizura concinna (Lepidoptera). 
Fig. 29. Posterior view of head of larval Ackroia grisella (Lepidoptera), 

Fig. 30. Posterior view of mouthparts of larval Cimbex (Hymenoptera) . 

Fig. 31. Posterior view of mouthparts of larval Ilepialus (Lepidoptera). 

Plate V. 

Fig. 32. Frontal view of head of larval Nmrotoma (Hymenoptera). 

Fig. 33. Frontal view of head of Rapkidia (Neuroptera). 

Fig. 34. Frontal view of head of Ckauliodes (Neuroptera). 

Fig. 35. Frontal view of head of Sialis (Neuroptera). 

Fig. 36. Frontal view of head of Anisolabis maritima (Dermaptera). 

Fig. 37. Frontal view of head of male Corydalis (Neuroptera). 

Fig. 38. Dorsal view of head of larval Chalcophora (Coleoptera). 

Fig. 39. Frontal view of head of alate Mastotermes darmnensis (Isoptera). 

Fig. 40. Frontal view of head of larval Sialis (Neuroptera). 

Fig. 41. Frontal view of head of larval Rapkidia (Neuroptera). 

Fig. 42. Frontal view of head of larval Corydalis (Neuroptera). 
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Plate VI. 

Fig. 43. Frontal view of head of Berotha piepersii (Xeuroptera). 

I'ig. 44. Posterior view of mouthparts of larval Myrmelionid (Xeuroptera). 

Fig. 45. Frontal view of head of Polystochoetes (Xeuroptera). 

Fig. 46. Posterior view of mouthparts of larval Psychopsis elcf^ans (Xeuroptera). 
Fig. 47. Posterior view of mouthparts of larval Ascalaphid (Xeuroptera). 

Fig. 48. Frontal view of head of Dilar corsicus (Xeuroptera). 

Fig. 49. Posterior view of head of larval Megaxyela (Hymenoptera). 

Fig. 50. Ventral view of head of larval Climacea (Xeuroptera). 

Fig. 51, Posterior view of head of larval Chrysopid (Xeuroptera). 

Fig. 52. Frontal view of head of lihone fiisca (Xeuroptera). 

Fig. 53. Frontal view of head of OUarces clara (Xeuroptera). 

Fig. 54. Posterior view of head of larval Nenrotoma (Hymenoptera). 

Fig. 55. Posterior view of head of larval CoKenzia hageiti (Xeuroptera). 

Fig. 56. Frontal view of head of Nemoplera sinuata (Xeuroptera). 

Fig. 57. Frontal view of head of sMantispa pagana (Xeuroptera). 

Pl.ate VII. 

Fig. 58. Frontal view of head of Osmylus maadatiis (Xeuroptera). 

Fig. 59. Frontal view of head of Sisyra (Xeuroptera). 

Fig. 00. Frontal view of head of Climacea (Xeuroptera). 

Fig, 61. Frontal view of head of Conwenzia hageni (Xeuroptera). 

Fig. 62. P' rental view of head of Psectra dipterum (Xeuroptera). 

Fig, 63. Frontal view of head of Stenosmylus tenuis (Xeuroptera). 

Fig. 64. Frontal view of head of Chrysopa perla (X'europtera). 

Fig. 65. Frontal view of head of Proismus stri gains (Xeuroptera). 

Fig. 66. Frontal view of head of Nothochrysa evanescens (Xeuroptera). 

Fig. 67. Frontal view of head of Apochrysa bellula (Xeuroptera). 

Fig. 68. Frontal view of head of Euporismus albalrox (Xeuroptera). 

Fig. 69. Frontal view of head of Miodactylus pubescens (Xeuroptera). 

Fig. 70. Frontal view of head of Acanthaclisies americana (Xeuroptera). 

Fig. 71. Frontal view of head of Psychopsis insolens (Xeuroptera). 

Fig. 72. Frontal view of head of Nymphes (Xeuroptera). 

Fig. 73. Frontal view of head of Ululodes (Xeuroptera). 

Fig. 74. Frontal view of head of Stilbopteryx (Xeuroptera). 

Plate VIII. 

Fig. 75. Posterior view of labium of Cicada (Homoptera). 

Fig. 76. Lateral view of head of Belostoma (Hemiptera). 

Fig. 77. Posterior view of mouthparts of Bracon liberator (Hymenoptera). 

Fig. 78. Frontal view of head of Macroxyela (Hymenoptera). 

Fig. 79. Frontal view of head of larval Pyrausta ainsleii (Lepidoptera). 

Fig. SO. Posterior view of mouthparts of Macroxyela (Hymenoptera). 

Pig. 81. Posterior view of mouthparts of Nymphes (Xeuroptera). 

Fig. 82. Posterior view of labium of Panorpa lugubris (Mccoptera). 

Fig. 83. Posterior view of mouthparts of Asyndulum m-ovtanum (Diptera). 

Fig. 84, Posterior view of mouthparts of Nannochorista dipteroides (Mecoptera). 
Fig. 85, Posterior view of mouthparts of Bittacus (Mecoptera). 

Fig. 86. Posterior view of mouthparts of Nemopteru sinuata (Xeuroptera). 
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UNDESCRIBED SPECIES OF JAPANESE CRANE-FLIES 
(TIPULID^, DIPTERA). 

Part II. 


By Charles P. .\lexaxder. 

• The present paper is a continuation of the first part published 
under this title (Ann. Ent. Soc. Amcr., voL 12, pp. 327-348; 
1910). The material upon which this report is based was 
received from many different sources. Dr. Kuwana has sent 
material collected in various parts of Honshu by his assistant 
inspectors, Mr. Tanaka and Mr. Teranishi. Dr. Machida has 
collected numerous crane-flies in the vicinity of Tokio and near 
Tamagawa in the province of Saitama. Mr. Takeuchi sent 
an interesting series from Gifu. Mr. Kuwayama supplied a 
series of Tipulinae from Hokkaido, mostly from the immediate 
vicinity of Sapporo. One additional species was included in 
extensive collections of exotic crane-flies belonging to the 
Paris Museum and sent to me for naming by Mons. Seguy. 
I express my great indebtedness to all of the gentlemen named 
for this important scries of Japanese Tipulidae. Unless stated 
otherwise, the types are preserved in the writer’s collection. 

Limnobia Meigen. 

Limnobia tanakai sp. n. 

General coloration yellow; pronotum and anterior portion of meso- 
notal praescutum with a median brown line; antennas yellow; vertex 
with a brown crossband; legs yellow, the tips of the femora and tibieC 
narrowly dark brown; wings with a yellowish tinge, sparsely variegated 
with brown; r removed from the tip of Ri; basal deflection of Cmi before 
the fork of M. 

Male-Length, 8 mm.; wing, 8.7 mm. Female — Length, 9 mm.; 
wing, 8.8 mm. 

Rostrum and palpi dark brown. Antennae uniformly pale yellow; 
flagellar segments with long verticils. Anterior part of vertex yellow 
with a sparse whitish pubescence; a dark brown band extending across 
vertex between the posterior margins of eyes; remainder of vertex and 
occiput obscure yellow. 

Pronotum dark brown, passing into yellow on the sides. Mesonotal 
praescutum reddish yellow, the anterior median area slightly infuscated ; 
remainder of mesonotum light yellow. Pleura reddish yellow. Haltcres 
obscure yellow. Legs with the coxae and trochanters yellow; femora 
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yellow, the tips narrowly dark brown; tibiae obscure yellow, the tips 
very narrowly dark brown; metatarsi obscure yellow, the tips brown; 
remainder of tarsi brown. Wings with a strong grayish yellow tinge, 
clearer yellow in cells C and Sc; stigma brown ; narrow brown clouds at 
origin of Rs; Sc^; along cord and outer end of cell 1st M 2 and less dis- 
tinctly along the other longitudinal veins; veins dark brown, paler in 
the costal area. Venation: Sc long, Sc 2 ending about opposite two- 
thirds Rs; Sc 2 much longer than Sci] Rs angulated and spurred at 
origin; r far from tip of i?i, about one-half the latter; basal deflection of 
Cui far before the fork of M, the distance about one-half of the deflection. 

Abdomen obscure yellow; in the male, the hypopygium is more 
infuscated. 

Habitat: Japan. Holotype, cf', Ikaho, Gumma- Ken, July 
7, 1920 (K. Tanaka). Allotopotype, 9, in copula with the 
type. 

Limnobia tanakai is named in honor of its collector. It is 
more closely related to L. stigma Meigen (Europe) than to any 
other described Palaearctic species. 

Dicranomyia Stephens. 

Dicranomyia paupercula sp. n. 

Antennal flagellum dark brown; head dusted wdth gray; mesonotum 
pale, covered with a sparse yellow pollen ; wings with a faint yellowish 
tinge; Sc short, 5^2 apparently lacking. 

Male — Length about 4.5 mm.; wing 4.6 mm. 

Rostrum brown, dusted with gray; palpi obscure brownish yellow. 
Antennae with the scapal segments brown; flagellum dark brownish 
black; flagellar segments oval. Head dark, dusted with gray. 

Mesonotum pale with a sparse yellow pollen, without darker mark- 
ings; scutelliim and postnotum sparsely pruinose. Pleura with a 
yellowish gray pollen, becoming more yellowish on the mesosternum. 
Halteres pale, the knobs darker. Legs with the coxfe and trochanters 
concolorous with the pleura ; remainder of the legs yellowish testaceous, 
the tarsi slightly darker. Wings with a faint yellowish tinge, the 
stigma entirely lacking; veins pale. Venation : Sc short, Sc^. apparently 
entirely lacking; Rs nearly twice the deflection of R4+5; cell 1st M2 
closed, about as long as the outer section of Cu^; basal deflection of Cui 
at or slightly before the fork of M. 

Abdominal tergites light brown, the stemites brownish yellow. 

llahitat: Japan. Holotype, cf, Koiwai Farm, near Mor- 
ioka, September 2, 1920 (C. Teranishi). 

Dicranomyia paupercula is allied to D. depauper ata Alex., 
but is much smaller and with the details of coloration distinct. 
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Dicranoin 3 ^a machidai sp. n. 


General coloration brownish yellow, the mesonotum marked with 
darker; a broad, longitudinal dark brown stripe on pleura* antenn'p 
entirely dark; wings brown, stigma oval, dark browir .Vc long Sc, at 
tip of Sci; cell 1st closed; abdominal tergites dark brown, slernites 
indistinctly bicolorous; male hypopygium with a single pleural append- 
age, the terminal beak unprovided with spines. 

Ixngth, about 5 mm.; wing, 6.5 mm. Female — Length 
6.6 mm.; wing, 5. 5-7.2 mm. ^ ’ 


Rostrum and palpi dark brownish black. Antenna dark brownish 
black throughout; flagellar segments cylindrical, each with a short 
]>cdiccl. Head dark brownish gray. 

Pronotum dark brown, the lateral margins of the scutellum obscure 
yellow. Mesonotal praescutum brownish yellow with a broad dorso- 
median darker brown stnpe that is greatly widened before the’suture- 
lateral margins of praescutum narrowly infuscated; scutal lobes dark 
brown, the median area obscure yellow; scutellum and postnotum dark 
brown. Pleura obscure yellow with a very broad and conspicuous 
dark brown longitudinal stnpe extending from the cervical sclerites to 
the base of the abdomen, passing immediately beneath the halteres* 
dorsal pleurites darker than the ventral sclerites; mesosternum a little 
darkened. Halteres dark brown, the base of the stem more yellowish 
Legs with coxa: and trochanters yellowish; remainder of the legs broivn’ 
Wings with a strong brownish tinge; stigma oval, darker brown; verv 
indistinct seams along the cord and outer end of cell 1st M^', vciiis 
dark brown. Venation: 5c long, Sci extending to about opposite one- 
half the length of Rs, Sc, at its tip ; Rs long, arcuated to fccblv angulatc 
at ongm; r at tip of Ri\ basal deflection of S.+s almost straight- cell 
Isl Mi elongate rectangular, subcqual to or a little shorter than the 
ultimate section of basal deflection of Go beyond the fork of M; 
Cm. a little shorter than the deflection of Cui; vein 2nd A slichtlv 
extended. ^ 


Abdominal tergites dark brown; stemites with the ba.sal half of the 
segments yellowish, the apices dark brown; genital segment in the female 
brighter Male hypopygium with the pleurites relatively sk^nder, with 
a conspicuous fleshy lobe on the proximal face; a single pleural 
appendage, the tip of which is produced into a enrved chitinized beak 
that bears a few delicate bristles near its apex, but is unarmed with 
spines. Gonapophyses flattened, broad-based, suddenly narrowed to 
the slender apex, this latter with a blunt blackened tubercle on the outer 
side some distance before the tip. 


Habitat: Japan. Ilolotype, cT, Nakano, May 28, 1920 
(H. Machida). Allotype, 9, Shibuya, October 12, 1920 
(H. Machida). Paratopotype, 9 : paratypes, 5cf 9, Shibuya, 
June 24'September 29, 1920. 


This interesting and very distinct Dicranomyia is named 
in honor of its collector, Dr. Hachiro Machida. 
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Dicranomyia unispinosa sp. n. 

General coloration light brown; antennae dark brown; wings with 
a strong brownish tinge; stigma oval, dark brown; Sc long; basal 
deflection of arcuated; abdomen dark brown; male hypopygium 
with two pleural appendages; inner face of the ventral pleural appendage 
with a fleshy lobe that bears a single long spine before its tip. 

Male — Length about 4 mm.; wing, 4.3 mm. 

Rostrum and palpi dark broAvn. Antennie moderately elongate 
for a member of this genus, if bent backward extending beyond the 
base of the abdomen; dark brown, flagellar segments suboval, covered 
with a dense white pubescence. Head dark brown, the anterior part 
sparsely pruinose. 

Mesonotum light brown without distinct darker stripes or other 
markings. Pleura testaceous, the dorsal region very slightly darker. 
Haltcrcs testaceous, the knobs brown. I^egs with the coxae and 
trochanters testaceous, concolorous with the ventral sclerites of the 
pleura; remainder of legs dark brown. Wings with a strong brownish 
tinge; stigma oval, darker brown; veins dark brown. Venation: 
Sc long, ending about opposite two-fifths the long Rs, Sco at tip of 
Sci; Rs long, gently angulated near base, in alignment with /? 2 + 3 ; tip of 
Rj and r pale, subobsolete; basal deflection of R^+r^ strongly arcuated; 
inner end of cell 1st Mz gently arcuated; basal deflection of Cui immedi- 
ately before the fork of M, 

Abdomen dark brown. Male hypopygium with the pleurites stout, 
provided with a large, conspicuous lobe on the proximal face; two 
pleural appendages; dorsal hook straight basally, gently curved on the 
outer half, the tip acute; ventral pleural. appendage a large fleshy lobe 
whose proximal face near the base is produced into a fleshy rostrum 
that narrows gradually to the blunt ai)ex; far before the tip on the 
caudal or outer face a single powerful spine that is about as long as the 
fleshy tip beyond it. Gonapophyses appearing as broad-based flattened 
plates that gradually narrow to the apices, the latter slender, with the 
tips feebly notched. Penis-guard slightly shorter than the apophyses. 

Habitat: Japan. Holotype, d^, Gifu, October 9, 1920 
(K. Taken chi). 

Dicranomyia unispinosa bears a strong superficial resem- 
blance to D, machidai, but is readily distinguished by the 
very different structure of the male hypopygium and other 
smaller characters. 


Geranomyia Haliday. 

Geranomyia (Geranomyia) gifuensis sp. n. 

General c 1 rati;n light gray; rostrum and antennas dark brown: 
humeral angles of praescutum testacecus yellow; pleura yellowish; 
legs dark brown; wings gray, stigma oval, dark brown; very narrow 
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scams along the cord and outer end of cell t.U .Sc long; cell Isl Mi 
long and narrow. 

Length (excluding rostrum), 6.G mm.; wing, 7.8 mm.; 
rostrum alone, 3-3.5 mm. 

Rostmm and palpi black. Antennfe black; flagellar segments 
cvlindrical. Anterior part of the vertex light gray pruinose; remainder 
of the head dark brown. 

Pronotum brown medially, gray pruinose. Alesonotal praescutum 
brown with a conspicuous light gray bloom, the interspaces darker; 
humeral angles light testaceous yellow to flesh color, this color continued 
around the anterior margin of the praescutum as a narrow scam ; lateral 
margins of the praescutum catidad of the pseudosutural fove<'c dark 
brown; scutum light gray, the proximal edge of the lobes with a longi- 
tudinal dark line; scutellum brownish testaceous, gray pruinose; post- 
notum dark, gray pruinose. Pleura testaceous yellow anteriorly, 
sparsely pruinose, especially on the posterior pleiirites, Haltcrcs 
yellow," the knobs and outer end of the stem dark brown. U^gs with the 
coxa? and trochanters yellowish testaceous; remainder of the legs dark 
brown, bases of the femora paler. Wings with a gray tinge; stigma 
oval, dark brown; very narrow and indistinct brown seams at the 
supernumerary crossvein in cell Sc; origin of Rs; Sc 2 ; along the cord and 
outer end of cell 1st a narrow seam along the wing-apex in cells 
^nd Ri and veins dark brown. Venation: Sc long, 5ci ending about 
opposite two-thirds Rs, Sci at the tip of Sc 2 deflection of Ri+i shorter 
than the basal deflection of Cui; cell 1st M 2 long and narrow, rectangular, 
slightly widened outwardly, about as long as vein Miyi beyond it; basal 
deflection of Cui before or beyond the fork of M, 

Abdominal tergites dark brown, stemites paler brownish testaceous. 
Ovijxjsitor reddish horn-color. 

Habitat: Japan. Holotype. 9, Gifu, October 10, 1920 
(K. Takeuchi). Paratopotype, 9- 

Erioptera Meigen. 

Erioptera (Erioptera) dictenidia sp. n. 

General coloration brown, the thoracic pleura gray; femora brownish 
yellow with a narrow brown subterminal ring; wings faintly brownish; a 
narrow and very indistinct brown scam along the cord ; male hypopygium 
with the outer pleural appendage stout, chitinized, the apex densely 
set with parallel rows of small chitinized spinules; inner pleural append- 
age pale, an acute point on cephalic margin at about two-thirds the 
length; gonapophyses two, appearing as flattened blades, the outer 
margin with a comb of about a dozen teeth. 

Male — Length about 3.8 mm.; wing, 4.5 mm. Female Length 
about 4,0 mm.; wing, 5.7 mm. 

Rostrum obscure brownish yellow; palpi dark brown. Antenna? 
dark brown. Head dark gray, paler adjoining the eyes. 
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Pronotum pale laterally. Mesonotum uniformly light brown, the 
dorso-mcdiaii area darker. Pleura light gray pruinosc. Halteres pale, 
the knobs and apices of stem dark brown. Legs with the coxae con- 
colorous with pleura; trochanters obscure yellow; femora brownish 
yellow, a narrow dark brown subterminal ring; tibiae and tarsi obscure 
brownish yellow, the latter darkened towards the tip. Wings with a 
faint brown tinge; a narrow and very indistinct brown scam along the 
cord; veins dark brown. Venation: Vein 2nd A only moderately 
sinuous, the distal quarter bent towards the 1st Anal vein. 

Abdominal tergites dark brown ; stemites obscure brownish yellow ; 
pleuritcs of male hypopygium obscure reddish brown. Male hypopygium 
with the pleurites stout, the inner angle produced into a short, stout 
lobe provided with several setigerous tubercles ; outer pleural appendage 
a large, stout chitinized arm, densely provided with parallel rows of 
small, chitinized spinules ; inner pleural appendage a pale blade with an 
acute point on the cephalic or inner margin at about two-thirds the 
length. Gonapophyses two in number, appearing as flattened chitinized 
blades, the proximal edge straight, the outer edge with a comb of about 
a dozen small, acute teeth, the outermost tooth largest, chitinized. 

Habitat: Japan. Holotype, cT, Shibuya, August 7, 1920 
(H. Machida). Allotopotype, 9. Paratopotypes, 9, June 30, 
1920; cf, October 10, 1920. Paratypes, 7 cf 9 , Keijo, Corea, 
September 6, 1920 (K. Doi.) 

Erioptera (Erioptera) bicomifer sp. n. 

General coloration brown ; pleura sparsely gray pruinosc ; wings pale 
gray, veins pale brown; male hypopygium with the inner pleural 
appendage recurved into an elongate point; gonapophyses appearing 
as two slender curved horns, blackened at their tips. 

M ale — Length about 3 mm. ; wing, 4.2 mm. 

Rostrum and palpi dark brown. Antennae dark brown. Head 
brown, discolored in the type. 

Mesonotum brown, without distinct markings; pseiidosutural 
foveac elongate, shiny brown. Pleura brown, sparsely gray pruinosc. 
Halteres obscure yellow, knobs brown. Legs with the coxas, trochanters 
and femora light brown ; tarsi dark brown . Wings pale gray, unmarked ; 
stigma lacking ; veins pale brown. Venation : 2nd Anal vein very strongly 
bisinuous. 

Abdominal tergites dark brown; stemites slightly paler. Male 
hypop3"gium with the pleuritcs moderately stout; two pleural append- 
ages; outer appendage subclavate, the apex blackened; inner appendage 
a pale flattened blade, the outer angle of which is recurved into an 
elongate acute point. Gonapophyses appearing as two slender curved 
horns, contiguous basally, diverging apically, the tips heavily blackened. 

Habitat: Japan, Holotype, cf, Nakano, May 27, 1920 
(H. Machida). 
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Ormosia Rondani. 

Ormosia nantaisana sp. n. 

General coloration light gray; mesonotal praescutum with a median 
brown stripe; halteres golden-yellow; wings brownish gray, stigma and 
wing-tip darkened; cell 1st closed, m short, Anal \^eins convergent; 
male hypopygium mth. the inner pleural appendage stout, subclavatei 
the apex set with microscopic black points, 

Male — Length, 6 mm.; wing, 7.3 mm. 

Rostrum and palpi dark brown. Antenna with the scapal segments 
dark brown, the remainder broken. Head light gray, the vertex 
provided with numerous scta^, those of the disk yellow, the lateral 
bristles longer, dark brown. 

Pronotum dark gray, provided with very long and conspicuous* 
yellow sctac._ Mesonotal praescutum light gray with a broad, indistinct, 
brown median stripe; lateral stripes indistinct; pseudosutural fovecC 
conspicuous, elongate, black; remainder of mesonotum gray pruinose. 
Pleura cle^ light gray, provided with groups of long yellow setaj on 
the mesepistemum and on the mesostemum, Halteres* golden-yellow. 
Legs with the coxae dark, sparsely pruinose, provided with conspicuous 
yellow setae; trochanters dull yellow; remainder of the legs broken. 
Wings with a brownish gray tinge; stigma darker brown; wing-tip and 
the cord narrowly margined with brown; veins dark brown, Sc yellow'. 
Venation : Sci longer than Rs; R2+3 a little longer than the basal deflection 
of Cmj; r on R 2 shortly beyond its origin; cell Jst closed; m short, 
between one-third pd one-fourth the outer deflection of basal 
deflection of Cui slightly sinuous, beyond the fork of AI; Anal veins 
strongly convergent. 

Abdomen dark bro^vn with conspiaious yellow seta^. Male hypo- 
pygium stout; two pleural appendages, inner appendage subclavate, the 
tip truncated, densely set with microscopic blackened points; outer 
appendage a slender flattened yellow blade, the apex subacute. 

Habitat: Japan, Holotype, cT, Nantaisan, August 16, 
1909. Type in the Collection of the Paris Museum. 

Ormosia takeuchii sp. n. 

Related to 0. takahashii; general coloration pale brownish testaceous ; 
thoracic pleura and abdomen darker; wings pale gray; cell 1st M 2 open 
by the atrophy of the outer deflection of M^; Anal veins convergent; 
male hypopygium with the outer gonapophyses simple. 

Male — Length about 4 mm.; wing, 4.3 mm. Female— Length. 
about 3.8 mm. ; wing, 4.4 mm. 

Rostrum and palpi dark brown. Antennce short in both sexes, pale 
brownish testaceous; flagellar segments with a conspicuous pale pubes- 
cence. Head pale with abundant yellow scta3. 

Mesonotal praescutum pale brownish testaceous, unmarked with 
darker, the interspaces with conspicuous erect yellow set®, lateral 
margins paler; remainder of the mesonotum brownish testaceous. 
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Pleura brown, very sparsely pruinose. Halteres pale yellow. Lc»s 
with the coxae and trochanters obscure yellow; femora pale brotvn with 
yellow appressed setae; tarsi brown. Wings pale gray, the stigma 
brown ; veins pale brown ; cells with an abundant pubescence. Venation; 
Cell 1st M<i open by the atrophy of the outer deflection of Mz; Anal 
veins convergent, the outer half of the 2nd Anal vein bent toward.s 
the 1st AnaL 

Abdomen dark brown, the genital segment brighter; valves of the 
ovipositor horn-color. Male hypopygium very similar to that of 
0. takahashii, but the outer gonapophyses simple, conical, there being 
only six points surrounding the genital field. 

Habitat: Japan. Holotype, p", Gifu, October 1, 1920 
{K. Takeuchi). Allotopotype, $ , October 10, 1920. 

This interesting species is named in honor of its collector, 
Mr. K. Takeuchi, to whom Tarn indebted for much valuable 
material. 


Gonomyia Meigen. 

Gonomyia (Ptilostena) teranishii sp. n. 

General coloration light gray; mesonolal praescutum with two 
narrow brown lines; pleura yellow, the dorsal pleurites brown; legs 
yellow; wings yellowish gray, the costal region yellowish; brown spots 
at arculus ; origin of Rs; along the cord ; tips of the radial veins and near 
the tip of vein 2nd A; Sc\ about equal to Rz strongly recurved at 
its tip; abdominal tergites dark brown, the caudal margins of the 
segments very narrowly grayish. 

Female — Length, 7.2 mm. ; wing, 6 mm. 

Rostrum and palpi dark brown. Antennae with the first scapal 
segment light gray pruinose; second segment light yellow; flagellum 
dark brown, the segments oval. Head brown, the front and anterior 
part of the vertex light gray pruinose. 

, Pronotum dark brown, obscure yellow laterally. Mesonotal 
praescutum dark brown, gray pruinose, on either side of the broad 
median gray line a narrow brown line extending to the suture ; humeral 
angles and lateral margins obscure yellow; scutum light gray, the 
centers of the lobes brown ; scutellum and postnotum dark, gray pruinose. 
Pleura light yellow, the dorsal half dark brov/n, deepest anteriorly. 
Halteres obscure yellow, the knobs dark brown. Legs with the coxas 
and trochanters light yellow ; remainder of the legs yellow, the terminal 
tarsal segments brown. Wings yellowish gray, the costal and sub- 
costal cells clearer yellow; brown spots at the arculus; stigma; along 
the cord; basal deflection of Cuu tips of veins R^. Rz and near the tip of 
the 2nd Anal vein; extreme wing-tip cream-color, preceded by a faint 
brown suffusion; veins brown, C and Sc more yellow. Venation: 
Sci extending to just beyond the origin of Rs, Sca far from the tip of 
Sch the latter alone about equal to R^+z; Rs very strongly angulated 
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and slightly spurred at origin; ^243 gently arcuated; Ri short, straight, 
subperix^ndicular, nearly its own length beyond the end of Ru 
ctirved strongly cephalad before its tip; inner ends of cells /?a, and 
1st M 2 in alignment; petiole of cell 2nd M 2 a little shorter than 
basal deflection of Cui far before the fork of M, about one ain! one-half 
times its length before the fork of M. 

Abdominal tergites dark brown, the caudal margins vcr\' narrowly 
grayish; genital segment obscure brownish yellow; basal sternite yellow; 
intermediate stemites black, variegated with black, this coloration 
probably due to eggs beneath the surface ; caudal margins of (he segments 
tiarrowly yellowish. 

Habitat: Japan. Holotype, 9 , Koiwai Farm, near Morioka, 
August 17, 1920 (C. Teranishi), 

This handsome crane-fly is named for its collector. 

Trentepohlia Bigot. 

Trentepohlia (Trentepohlia) septemtrionalis sp. n. 

General coloration brownish yellow; mesonotal praescutum with 
an indistinct brown stripe; femora xellow, the tips dark brown; tibiae 
Yellowish white, the bases and tips blackened; wings yellowish gray, 
stigma and the wing-axil darkened ; Rs about two-thirds the deflection 
of /? 4 +n; petiole of cell R^ short, about equal to Rs. 

Female — Length ,8.4 mm . ; wi n g , 6 . 5 mm . 

Rostrum, maxillary and labial palpi dark brown. Antennae dark 
brown, the second scapal segment paler, obscure yellow. Head dark 
brown, sparsely grayish. 

Pronotum dark browm. Mesonotum obscure brownish yellow, the 
praescutum with an indistinct darker brown median line; scutal lobes 
darkened; postnotum testaceous. Pleura yellowish testaceous, sparsely 
dusted with yellowish pollen. Haltcrcs pale. Legs with the coxae 
concolorous with pleura; trochanters testaceous; femora yellow, the 
tips broadly but gradually dark brown; tibiae yellowish white, the 
bases and tips narrowly darkened; metatarsi pale yello'v; terminal 
tarsal segments brown. Wings yello\vish gray; a small brown stigmal 
spot at r; Cu and branches narrowly seamed with brown ; a conspicuous 
brown cloud in the anal angle of the wing; veins pale brown, C, Sc and R 
pale yellow. Venation: R straight, about two-Lhirds the deflection 
of R 4 + 5 ; basal section of R 2+3 about one-half longer than the second 
section ;petiole of cell R^ about as long as Rs or the basal deflection of 
Cui, the latter immediately before the fork of M; fusion of Cmi and 1st A 
about equal to the baspil deflection of R 4 +a- 

Abdomen light brown, more yellowish basally. Ovipositor horn- 
colored. 

Habitat: Japan. Holotype, 9, Nakano, June 2, 1920 
(H. Machida). 
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Treniepohlia seplemtrionalis is the most northerly species 
of the genus yet discovered. Its closest relative is T. nigro- 
apicalis (Brunetti) of British India, which differs in the size, 
body-coloration and, especially, the coloration and venation of 
the wings. 


Limnophila Macquart. 

Limnophila (Phylidorea) melanommata sp, n. 

General coloration shiny reddish yellow; antennas with the basal 
segment dark brown, the remainder yellow; mcsonotal praescutum 
with a narrow, dark brown median line that is narrowed behind; legs 
brownish yellow; wngs light yellow, the wing-tip narrowly darkened; 
cord and inner end of cell Isi narrowly darkened; r at the tip of Ri; 
cell M\ present. 

Length, 9 mm. ; wing, 8.2 mm. 

Rostrum and palpi dark brown. Antennae with the first scapal 
segment dark brown; remainder of the antennae conspicuously and 
abruptly light yellow. Head dark brown, conspicuously silvery 
pruinose. 

Pronotum obscure yellow, dark brown medially. Mesonotal 
praescutum shiny reddish yellow, with a narrow, dark brown median 
stripe, broadest in front, gradually narrowed behind, becoming obsolete 
before the suture; remainder of the mesonotum obscure yellow. Pleura 
reddish yellow. Hal teres yellow, the knobs faintly darkened. Legs 
with the coxae and trochanters yellow; femora obscure yellow, the tips 
very narrowly and indistinctly darkened; tibiae obscure brownish yellow; 
tarsi darkening into brown. Wings with a uniform light yellow tinge; 
wing-tip narrowly margined with dark brown, this color extending from 
cell 2nd Ri to cell Rg, and thence more narrowly and less distinctly to 
cell Mz; narrow and indistinct brown seams at the origin of Rs; along 
cord and outer end of cell 1st M<i\ forks of ^ 2 - 1 -.^ and M 1 + 2 ; stigma appear- 
ing as a narrow seam along r and the tip of R\; veins yellow, darkened in 
the infuscated areas. Venation: Sc long, Sc<i extending to about 
opposite one-half to two-thirds R 2 + 3 , *^^2 much longer than Sci; Rs 
moderately long, nearly twice i? 2 + 3 . strongly angulatcd at origin; r at 
the tip of R\; inner ends of cells Ra, R& and 1st nearly in alignment; 
petiole of cell Mi a little shorter than the cell; cell Isi M 2 rectangular, 
widened distally; basal deflection of Cui shortly beyond midlength of 
cell 1st Mi. 

Abdomen yellowish testaceous. 

Habitat: Japan. Holotype, 9 , Koiwai Farm, near Morioka, 
September 4, 1920 (C. Teranishi). 

Limnophila melanommata is a strikingly beautiful member 
of the ferruginea {adusta) group. 
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Rhaphidolabina Alexander. 

Rhaphidolabina gibbera sp. n. 

General exploration pale brownish yellow; antennal scape dark 
brovm, flagellum brownish yellow; mesonotum exceedingly <dbbous- 
mcsonotal praescutum with a median brown line that splits^ ai the 
suture into two parallel branches which continue to the abdomen- 
legs pale yellow; wings relatively broad, yellowish gray, sparsely marked 
with dark brown; cell 1st open by the atrophy of m. 

d/a/e— Length about 5.5 mm.; wing, 6.9 mm. Female—Lemih 
about 5 mm. ; wing, 6 mm. "" 

Rostrum and palpi brownish black. Antennas 15-scgmented- scape 
brownish black, flagellum conspicuously light brownish yellow- basal 
flagellar segments short-cylindrical, the terminal segments more’ atten- 
uated. Head dark brown, sparsely pruinose. 

Pronotum brown, darker medially, Mesonotum exceedingly gib 
bous, pale brownish yellow, the insect appearing hump-backed- 
praescutum with a median broivn line that divides at the suture, each 
branch continued to the abdomen, the pale area enclosed including 
the centers of the scutum, scutellum and postnotum. Pleura whitish 
testaceous. Halteres brownish testaceous, the knobs dark brown 
Legs with the cox® whitish testaceous, the fore cox® a little darkened- 
remainder of the legs pale yellow, only the tarsal segments a little 
darkened. Wings relatively broad, with a yellowish gray tinge, sparselv 
variegated with dark brown spots, arranged as follows: At Sc 2 ; a large 
area at the ongin of Rs; along the cord; outer deflection of and along 
Ri^ 2 \ tips of all the longitudinal veins at the wing-margin; forks of 
and Mz+Cui; stigma feebly indicated; veins pale yellow, darker 
brown in the infuscated areas. Venation: Sc^. some distance before 
the origin of Rs, the distance about one-half longer than the basal 
deflection of Cui; Rs relatively long, strongly angulatcd at origin; 
^2-1-3+ 4 shorter than the basal deflection of Cmi, a little longer than 
r-nij deflection of close to the tip of R^; cell 1 st open by the atrophy 
of m; petiole of cell If i a little more than twice the length of the cell; 
petiole of cell a little shorter than the cell; basal deflection of C«i at 
the fork of M. 

Abdominal tergites brown, the basal segments paler; stemites pale 
browm. Ovipositor elongate, dark brown, the tips of the valves bright 
hom-yellow. 

Habitat: Japan. Holotype, d, Gifu, October 10, 1920 
(K. Takeuchi). Allotopotype, 9 , October 2, 1920. 

Rhaphidolabina gibbera is to be referred to Rhaphidolabina 
although cell 1st M 2 is open and there are other slight differences 
between this fly and tl^e genotype, R. flaveola (Osten vSacken) of 
Northeastern North America. 
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Oropeza Needham. 

Oropeza candidipes sp, n. 

Antennae pale basally, intermediate segments bicolcrous, terminal 
segments dark; general coloration huffy gray, praescutum with three 
darker gray stripes; pleura testaceous gray, striped longitudinally with 
dark gray; legs yellow, tibiae and tarsi snowy-white; wings yellowish; 
stigma conspicuous, dark brown; abdominal sternites testaceous yellow, 
each segment with a small, triangular median dark brown spot at the 
caudal margin. 

Length, 14-14.5 mm.; wing, 12-14 mm. 

Frontal prolongation of head short, pale above, slightly darker 
laterally palpi with the basal two segments pale, the terminal segments 
dark brown. Antennae very pale, almost white, terminal segments 
darker, the intermediate segments bicolorous, the base of each segment 
being darkened. Head gray, darker gray behind. 

Mesonotal praescutum huffy gray, with three broad darker gray 
stripes, the intermediate stripe narrowly split by a pale line; scutal 
lobes dark, pale medially ; scutcllum pale testaceous, dark brown basally ; 
postnotum buffy gray. Pleura testaceous gray, longitudinally striped 
with darker gray along the ventral margin of the mesepisternum ; 
mesosternum dark gray^; dorso-pleural membrane almost whitish. 
Halteres pale, the knobs dark brown. Legs with the coxae testaceous, 
the fore coxa3 darker; trochanters whitish; femora yellow; remainder of 
legs snowy -white. Wings with a strong yellowish tinge; stigma dark 
brown; veins dark brown, those in the costal region more yellowish. 
Venation: Rs pale, without macrotrichia^, one-half longer than the 
deflection of cell 1st M 2 long and narrow; basal deflection of 

M \^2 longer than m; petiole of cell M\ about two-thirds as long as cell 
1st Ma. 

Abdominal tergites dark brown, about the basal third or less of each 
segment paler; sternites one to six pale testaceous yellow, the posterior 
median area of each segment with a small dark brown triangle. Ovi- 
positor with the slender tergal valves dark brown; sternal valves 
flattened, pale. 

Habitat: Japan. Holotype, 9 , Tamagawa, Saitama-Ken, 
August 30, 1920 (H. Machida). Paratype, 9, Ikaho, Gumma- 
Ken, July 7, 1920 (K. Tanaka). 

Tipula Linnaeus. 

Tipula shomio sp. n. 

Head dark gray; antennae of male moderately elongate, indistinctly 
bicolorous; thorax gray, the pracscutal stripes and scutal lobes shiny 
black; fore femora black, except the basal fourth, hind femora yellow 
with the apical fourth black; wings pale yellowish, the base and sub- 
costal cell brighter yellow; disk varicgatec^ with brown and gray; 
abdomen yellow, with a subterminal brownish black ring; male 
. hypopygium large, the ninth tergite produced into a hood-like median 
lobe; ninth pleurite complete. 
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Male— Length, 13 mm.; wing, 16 mm. 

Frontal prolongation of the head dark brown above, paler laterally, 
black vcntrally; palpi dark brown. Antenna; of the male moderatoiv 
elongated, if bent backward extending a little beyond the wing-root; 
.^cape and basal two segments of the flagellum reddish yellow; remaining 
flagellar segments brown, the basal enlargement of each segment darker 
to give to the flagellum an indistinctly bicolorous appearance; terminal 
segments uniformly dark brown. Head dark gray [)ruinose. 

Prenotum dark gray. Mesonotum with the pracscutal stripes and 
scutal l<;bcs shiny black, the former confluent or nearly so; median 
area of the scutum, scutellum and pcstnotum dark gray pruinose. 
Pleura dark, gray pruinose, an indistinct longitudinal stripe' paler grav. 
Halteres obscure yellow, the knobs dark brown. Legs with the coxa? 
dark brown, gray pruinose, the tips of the ])osterior coxa? pale; 
trochanters obscure yellow; fore femora black with about the basal 
fourth abruptly brownish yellow; middle femora with the apical third 
black; hind femora with a little more than the a])ical fourth black; 
tibiae obscure brownish yellow, the apical half brown; tarsi brownish 
black. Wings pale yellowish subhyaline, the wing-base and subcostal 
cell conspicuously light yellow; costal cell dark brown, pale at the 
base and apex; stigma dark brown, continued as a slightly paler brown 
seam along the cord to the posterior margin; wing-tip faintly darkened, 
this including the outer halves of cells R 2 , and R^, and as a \Try narrow 
seam around the wing-tip to Cui; a faint brown seam at the origin of 
Rs; brown seams along Cu and its branches and vein 2fjd A; grayish 
brown clouds in the ends of the Anal cells and as a faint cloud across the 
basal cells, beginning at the origin of Rs; the subhyaline color beyond the 
cord apiiears as a broad band in the basal half of cells R 2 , ^5 and all 

of cell 1st M 2 ; very narrow brown seams along the veins beyond the 
cord; veins dark brown, yellow in the yellowish areas. Venation: 
r joining R. 2^2 at its fork; R 2 oblique; Rs longer than R:^; cell 1st M 2 small, 
pentagonal, about as long as cell Mi. 

Abdomen obscure yellow, the tergites with three very indistinct 
capillary dark brown lines; a subterminal dark brownish black ring 
occupying segments six to eight, these segments broadly margined with 
ol)scure yellow; hypopygium yellowish browm. Male hypopygium 
large. Ninth tergite extensive, the median area produced caudad into 
a blunt black median lobe ; viewed from beneath this lobe is seen to be 
hollowed out into a hood-shaped structure; dorsal-median area of the 
tergite sunken. Ninth pleurite complete, large; outer pleural appendage 
flattened, angularly bent, provided with a fringe of long yellow bristles; 
inner pleural appendage flattened, heavily chitinized; from the inner 
margin of the pleurite juts a small flattened blade, with a powerful 
chitinized spine along the margin. Ninth sternite feebly notched. 
Eighth sternite broad, the caudal margin broadly and very shallowly 
notched, the lateral angles with a sparse fringe of long, pale bristles. 

Habitat: Japan. Holotype, cf, Koiwai Farm, near Morioka, 
September 8, 1920 (C. Teranishi). 
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Tipula flavocostalis sp, n. 

General coloration of the head and thorax gray, mesonoial 
praescutum trivittate with dark brown; halteres and legs yellow; winj^s 
subhyaline, wing-base and costal region conspicuously light yellow; 
stigma brown; sparse gray clouds on the wing; tip of i ?2 atrophied; 
abdomen yellow, tergites trivittate with dark brown; a subtcrminai 
brown ring; male hypopygium cylindrical, tilted at an angle to the 
remainder of the abdomen; ninth tergite tridentatc, the median blade 
very compressed. 

Male — Length about 11 mm.; tving, 12.4 mm. Female — Length, 
13-15 mm.; wing, 13-14.5 mm. 

Frontal prolongation of the head dark brown above and beneath, 
brownish yellow laterally; palpi dark brown, terminal segment elongate. 
Antennas of moderate length; scapal segments obscure yellow, the basal 
segment darkened basally; first flagellar segment brownish yellow; 
remaining flagellar segments dark brown, covered with a dense white 
pubescence; basal enlargement of each segment relatively small; in the 
female, the antennae are more uniformly yellowish. Head light gray. 

Pronottun obscure gray, indistinctly trinotate with brown. Meso- 
notal praescutum light gray with three indistinct dull brownish gray 
stripes, the intermediate stripe conspicuously margined with darker 
brown and split by a capillary dark brown line to appear trilineate 
cuneifonn; remainder of mesonotum light gray, the centers of the 
scutal lobes darkened. Pleura uniformly gray. Halteres pale, the 
knobs yellow. Legs with the fore coxae dark gray, the other coxae 
obscure yellow, darkened basally, less extensive on the hind legs; 
trochanters and femora yellow; tibiae and tarsi brownish yellow, the 
terminal tarsal segments passing into dark brown. Wings subhyaline, 
the base, costal and subcostal cells yellowish; stigma dark brown; 
vein Cu and branches seamed with dark brown; very pale gray clouds 
in the medial and anal cells ; wing-tip slightly darkened, occupying the 
apices of cells Rz and R^,; the subhyaline band beyond the stigma 
is broad and conspicuous ; veins dark brown, C, Sc and R conspicuously 
light yellow. Venation : Rs long, a little shorter than Rz, about one-half 
longer than i? 2 + 3 , the extreme base indistinct ; tip of R^ beyond r atrophied 
in the male, in the female only the distal half of the outer section 
atrophied; cell 1st relatively small, pentagonal; second section of 
Mj +2 about twice the first section; m about one- third the outer deflection 
of Mz+a,' petiole of cell Mi about equal to cell tst Mz,' m-cti distinct. 

Abdomen dull yellow, the tergites narrowly trivittate with dark 
brown; a brown subterminal ring occupying segments six to eight, 
with the exception of the apex of the eighth stemite; hypopygium 
brownish yellow. In the female the abdomen is yellow, the tergites 
trilineate with dark brown, the fifth to seventh segments dark brown. 
Ovipositor chitinized, acicular. Male hypopygium cylindrical, tilted 
at an angle to the remainder of the abdomen, as in the unca (kebes) 
group, to which, however, the species does not appear to belong. Ninth 
tergite extensive, the caudal margin tridentate, the lateral lobes heavily 
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diitinized, the apices truncated and directed slightly proximad; median 
lobe a highly compressed blade; viewed from above appearing as an 
acute edge that is a little shorter than the lateral lobes; the notches 
between the lateral and median lobes are subcircular. Ninth pleurite 
complete; outer pleural appendage very short and stout; inner pleural 
appendage relatively small, the interior ends produced into curved^ 
blackened hooks, the caudal angles produced caudad and slightly 
ventrad into slightly expanded blades. Ninth stemite extensive. 
Eighth sternite with the broad median lobe rounded, provided with 
a fringe of long setae. 

Habitat: Japan. Holotype, d^, Tamagawa, Saitama, Sep- 
tember 25, 1920 (H. Machida). Allotopotype, 9, September 
2(), 1920. Paratypes, 9, Gifu, October 1, 1920 (K. Takeuchi); 

9 , October 10, 1920. 

Tipula taikun sp. n. 

General coloration gray; mesonotal praescutum with a narrow, 
brown median line; thoracic interspaces with small brown punctures; 
antennae of the male moderately elongated; intermediate flagellar 
segments indistinctly bicolorous, the base of each segment yellowish; 
femora brownish yellow with a narrow sub terminal brown ring; Mngs 
faintly brownish, the base yellow; costal and subcostal cells dark brown; 
subhyaline areas before and beyond the stigma; cell l$t Ms small, 
pentagonal; abdomen yellow, narrowly trivittate with dark brown; a 
brown subterminal ring; male hypopygium with the ninth tergite 
having a small median notch. 

Male — Length, ll.d mm.; wing, 13 mm. 

Frontal prolongation of the head dark brown; palpi dark brown, the 
l)asal segment a little brighter. Antenrue of the male rather elongate, 
if bent backward extending about to the base of the abdomen; scape 
and first flagellar segment yellow; remainder of the antcnncX dark 
brown, the basal half of the knobs of the intermediate segments yellow, 
producing an indistinct bicolorous appearance; terminal flagellar 
segments uniformly dark browm. Head gray. 

Pronotum bufly, whth a dark browm median mark. Mesonotal 
praescutum brownish gray with three nearly concolorous stripes; 
intermediate stripe narrowly margined for most of its length wMth dark 
brown, split medially by a narrow dark brown line; thoracic interspaces 
with brown setigerous punctures; remainder of the mesonotum brown, 
sparsely pruinose, split by a slightly interrupted capillary brown line. 
Pleura light gray pruinose, the dorso-plcural areas more brownish. 
Halteres light brown, fx^gs with the coxae and trochanters obscure 
yellow; femora brownish yellow with a very narrow and indistinct 
dark brown subterminal ring ; tibiae brownish yellow, passing into dark 
brown at the tip; tarsi dark brown. Wings with a faint brownish 
tinge, variegated with subhyaline areas; wing-base yellow; cells C and 
Sc dark brown; stigma dark brown; brown seams along Cu and its 
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branches, the -2nd Anal vein and the wing-tip; the subhyaline areas 
appear before the stigma in cell 1st R], as a broad seam beyond the 
stigma, occupying the bases of cells R 2 and R^; a small area near the end 
of cell M adjoining vein Cu; a small blotch in the 1st Anal cell near vein 
2nd A; veins dark brown. Venation; Sc^. ending beyond two-thirds the 
length of Rs; ti]:) of R 2 pale, subalrophied; cell 1st if 2 small, pentagonal; 
first section of M \+2 about one-half the second section; m about two- 
fifths of the outer deflection of Ah; ^.xitiole of cell AIi about one-half ihe 
cell and about' equal to cell 1st Mn; 7n-cu short. 

Abdomen yellow, the tergntes narrowly trivittate with dark brown; 
caudal lateral angles of tergites two to six paler brown; an indistinct 
dark brown subterminal ring, including segment seven, and the adjoining 
parts of tergites six and eight; hypopygium obscure yellow. Male 
hypopygium with the ninth tergite extensive, the dorsal surface dcnselv 
covered with long yellow hairs, the caudal margin with a small circular 
median notch, the broad lateral lobes thus formed produced into short, 
blackened, lateral points, the caudal margin of the tergite narrowlv 
chitinized. Ninth plcurite relatively small, complete; outer pleural 
appendage flattened, moderately broad, narrowed basally. Caudal 
margnn of the eighth stemite with a broad median notch, the margins 
provided with tufts of long bristles. 

Habitat: Japan. Holotype, cf, Koiwai Farm, near Morioka, 
September 8, 1920 (C. Teranishi). 

Tipula autumna sp. n. 

Related to r. pluriguttata Alexander (Formosa) ; coloration of 
thorax, including the pleura, clear gray; femcra unicolorous brownish 
yellow; male hypopygium with the caudal margin of the ninth tergite 
broadly notched, with a small median tooth in the notch. 

Male — Length about 12 mm. ; wing, 13 mm. Female — Length, 
15-16 mm.; wnng, 13.S-15 mm. 

Frontal prolongation of the head yellowish brown, above dusted 
with gray; palpi dark brown. Antennse of the male relatively short; 
scape and first flagellar segment obscure yellow; remainder of the 
flagellum indistinctly bicolorous, the basal enlargement of each segment 
dark brown, the remainder of the segment paler brown; terminal 
segments uniformly darkened; basal enlargement of each segment 
relatively conspicuous. Head gray; vertical tubercle between the eyes 
relatively prominent, indistinctly bifid. 

Pronotum light yellowish gray. Mesonotal praescutum yellowish 
gray with three clear gray stripes, the intermediate stripe margined and 
split by a capillary brown line; lateral stripes faintly darkened; thoracic 
interspaces with brown setigerous punctures; hiuneral region and 
lateral margins of praescutum paler; scutum gray, each lobe with 
two small brown areas; remainder of mesonotum gray with a ver}' 
indistinct median brown line. Pleura gray. Halteres pale yellow, the 
knobs a little darker. Legs with the coxae pale, sparsely pruinose; 
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trochanters yellow; femora and tibiae brownish vellow, tlie tips not 
darkened; tarsi brown. Wings with a faint yellowish grav tinge, the 
base, costal and subcostal cells brownish yellow; stigma rclalivelv 
small; wing-tip in cells Mu 2nd J/ 2 , d /4 and Cu^ slightly 

darkened; Cu and branches indistinctly seamed with brown; small 
ol)literative areas before and beyond the stigma and across cell d/.. 
Venation: Sc-i extending to about opposit{; threc-fcurths tlie length of 
Rs, the latter relatively long and straight ; tip of Ah pale ; cell A.. relaUvely 
small; cell isl pentagonal; m about one-third the outer deflection of 
Mu petiole of cell M 1 a little shorter than cell Ut m-cu short. 

Abdomen obscure yellow, the tergites trivittate with dark brown, 
the dorsal stripe interrupted, on each segment appearing as a roughly 
triangular mark that is narrowed behind, scarscly attaining the posterior 
margins of the segrnents; lateral stripes relatively narrow and indistinct; 
a narrow subtenninal brown ring, most evident on segment eight; 
hypopygium reddish yellow. In the female, the dorsal abdommai 
stripe is broad, in some cases continuous, in others intermpted at the 
posterior margins of the segments. Male hypopygium relatively 
incrassated. Ninth tergite having the caudaf margin with a con- 
spicuous median notch as in the related T. taikiin sp. n., but in the 
present species there is a small, acute tooth at the base of the notch; 
lateral lobes terminating in small, tmneated, chitinized points. Ninth 
pleurite complete; outer pleural api^endage broad, flattened; proximal 
face of pleurite near the ventral caudal angle produced into a .small, 
digitiform lobe. Ninth sternite with a broad V-shaped median notch. 
Eighth sternite narrowed posteriorly, the caudal margin with a broad 
V-shaped notch, each side of which bears a flattened sheaf of long, 
reddish bristles, decussate across the median line. 

Habitat: Japan. Holotype, cf, Gifu, October 1, 1920 
(K. Takeuchi), Allotopotype, 9, October 19, 1920. Para- 
topotypes, 2 9 ’s, October 19, 1920; paratype, 9, Shibuya, 
Tokio, September 29, 1920 (H, Machida). 

Tipula subcunctans sp. n. 

Allied to T. cunctans Say (Eastern North America) ; general coloration 
gray, praescutal stripes brown ; tips of fcmcra and ■ tibiai browni.sh 
black; abdomen brownish gray, the tergites with an indistinct, capillary, 
brown median line. 

F emal€-~hmg\\\ about 20 mm. ; wing, 18 mm. 

Frontal prolongation of the head obscure yellowish laterally, broadly 
gray above; palpi dark brown. Antennas with the first scapal segment 
dark brown; second segment obscure reddish brown; first flagellar 
segment brownish yellow; intermediate flagellar segments indistinctly 
bicolorous, the base of each segment darker than the remainder of the 
segment; terminal flagellar segments uniformly dark brown. Front 
surrounding the antennal bases ochreous; remainder of the head buffy 
gray with a conspicuous brownish black line. 
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Mesonotal praescutum gray with three rather indistinct brown 
striixjs, the intermediate pair narrowly separated by a pale line ; lateral 
stripes paler, narrowly margined with darker brown; scutal lobes gray 
with two brown marks; scutellum and postnotum light gray pruinosc. 
Pleura gray, the dorso-pleural membranes brownish yellow. Halterc's 
dark brown. Legs with the coxae gray, concolorous with the pleura; 
trochanters brownish yellow; femora brownish yellow, the tips broadly 
brownish black, broadest on the fore legs, narrowest on the hind legs; 
tibi« light brown, soon passing into dark brown; tarsi dark brown. 
Wings brownish gray, the costal margin darker brown, this including 
the costal and subcostal cells and the stigma; veins dark brown. 
Venation: Cell 1st if 2 , short, a little longer than the petiole of cell ifi. 

Abdominal tergites brownish gray, the basal tergites clearer gray; a 
narrow, interrupted, capillary, dark brown, median stripe extending 
from tergite to caudad, becoming indistinct at about segment six; 
caudal and lateral margins of the tergites rather narrowly pale, ochreous. 
Ovipositor with the dorsal shield black; the valves castaneous. 

Habitat: Japan. Holotype, 9, Sapporo, October 3, 1920 
(S. Kuwayama) . 

Tipula latemarginata sp. n. 

General coloration gray ; antennse of male elongate, black; mesonotmn 
gray, the praescutum with three dark gray stripes that are indistinctly 
margined with brown; femora yellow, the tips broadly dark brown; 
wings comparatively long and narrow, with a strong brownish yellow 
tinge; stigma and a faint seam along the cord darker brown; abdominal 
tergites gray with a broad brown sublateral stripe; lateral margins of the 
tergites broadly buffy yellow ; male liypopygium with the tergites fused 
with the pleurites; tergal region with a short, broad median lobe. 

Male — Length, 13.5 mm,; wing, 15.4 mm. 

Frontal prolongation of the head gray; nasus very long and slender; 
palpi dark brown. Antennas of the male somewhat elongated, if bent 
backward extending about to the base of the abdomen; basal segment 
of the scape gray pruinose; second scapal segment reddish brown; 
flagellum black, the intermediate and terminal segments rather deeply 
incised, the basal enlargements of each segment subglobular. Head 
gray with a capillary black median line. 

Mesonotal praescutum gray with three darker gray stripes that arc 
very indistinctly margined with brownish ; a capillary dark brown median 
line; scutellum and postnotum clear gray. Pleura gray, the dorso- 
pleural membrane light yellow. Halteres brown, the base of the stem 
brighter, the knobs darker brown. Legs with the coxae gray pruinosc; 
trochanters obscure yellow ; femora yellow, the tips broadly dark brown, 
broadest on the fore legs, somewhat narrower on the jx»sterior femora; 
remainder of the legs brownish black. Wings comparatively long and 
narrow, with a strong brownish yellow tinge; wing-base and cell Sc 
more yellowish ; stigma brown ; narrow brown seams along the cord and 
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at the ori^n of Rs; veins dark brown. Venation: Rs about on(‘-half 
Ictn.i^er than cell Isl M 2 comparatively lon^r and nairow; petiole 
of cell M^ shorter than m; m-cu distinct. 

Basal termite gray; second tergite reddish on basal half, sparsely 
gray pruinose; remaining abdominal tergites with a broad dorso-median 
gray line that is narrowly interrupted at the posterior margins of the 
segments; a broad dark brown sublateral stripe; lateral margins of 
segments one to seven broadly buffy yellow; caudal margdns of rergites 
very narrowly pale; stemites gray pruinose; hypopvgium dark, "" the 
outer pleural appendage pale, ^^ale hypopygium udth the sclcritcs 
fused into a ring, the suture between the ]deurite and sternitc indicated. 
Region of the ninth tergite with a short, broad median lobe, the caudal 
margin narrowly blackened, tnincate or feebly bilobed. Outer pleural 
appendage short and broad, covered with a mixed short and long 
pubescence- Ninth sternitc with a deep and very narrow median 
notch, the tumid lobes slightly pointed outwardly.'^ Eighth .sternite 
unarmed. 

Ilabital: Japan. Holotype, Kairakuyen, vSapporo, May 
27, 1916 (S. Kuwayama). Paratype, Fukagawa, Ishikara- 
Ken, August 30, 1916 (S. Kuwayama). 

Tipula trifida sp. n. 

Male -LengUh 13.5 mm,; wing, 15.6 mm. 

Generally similar to T. latemarginata, from which it dilTcrs in the 
following regards. 

Ihc type is badly discolored by moisture and the coloration of the 
Ijody can be discussed in general terms only. Antcnnm of th(' male 
shorter, the flagellar segments not so distinctly binodose. AVings slightly 
broader, the cord not seamed with darker. Aamation: sliortcr, 

k‘ss than the ultimate section of cell 1st M^ shorter and broader. 
Abdominal tergites with the pale lateral margins narrower. Male 
hyjwpygium of the general type of T. latemari^imUa, the tergite being 
entirely fused with the plcurite; median lobe of the tergite subtended 
on either side by a more slender, pointed lobe that is a little longer than 
the truncate median lobe. Ninth sternitc not tumid as in T. late- 
mur^inata. Eighth sternitc narrowly margined with pale, unanned. 

Habitat: Japan. Holotype, d", Sapporo, May 17, 1919 
(S. Kuwayama). 

Tipula nikkoensis sp. n. 

Closely related to T. insulicola, but much darker colored throughout. 

Female — Length, 12 rmn.; wing, 11 mm. 

Closely related to Tipula insulicola Alexander (Japan). 

Frontal prolongation of the head dark; palpi brownish testaceous,, 
the terminal segment dark brown. Antennae indistinctly bicolcrous, 
the basal enlargement of each segment dark brown, the color continued 
onto the pedicel. Head pale brownish testaceous. 
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Thcrax badly crushed, dark brown, praescutal stripes not apparent 
in the unique type. Pleura dark brown. Ilalteres pale yellow, the 
base of the knobs a little darkened. Legs with the femora brownish 
yellow, the tips dark brown; tibijK and tarsi dark brown. Wings with 
a brownish yellow tinge, cells C and Sc more yellowish; stigma o\’ah 
dark brown; wing-tip in cells and Rz indistinctly darkened; branches 
of Cai, the cord and most of the veins beyond the cord indistinctly 
seamed with brown; an obliterative area before and beyond the stigma; 
another obliterative area crossing cell 1st if 2 from the end of cell j/ 
into the base of cell i/ 4 ; veins dark brown, more yellowish in the costal 
region. Venation: Rs short, arcuated; R^ straight, the distal section 
in alignment with the basal section; cell hi i /2 irregularly pentagonal; 
m punctiform or nearly so; petiole of cell i/i longer than cell 1st iL; 
m-cii obliterated by the long fusion of Cmi and i/ 3 _}_ 4 . 

Abdominal tergites obscure yellow, conspicuously margined laterally 
and cau dally with dark brown; sternites obscure yellow, the margins 
indistinctly darker. 

Habitat: Japan. Holotype, 9 , Nikko, Tochigi-Ken, July 
9, 1920 (K. Tanaka). 

Tipula kuwayamai sp. n. 

Allied to T. serricauda Alex. ; antennae of male moderately elongate, 
the intermediate flagellar segments bicolored; mesonotal praescutum 
with four gray stripes that are narrowly margined with dark brown; 
wings whitish subhyaline, variegated with light and dark brown; 
abdomen reddish brown, the terminal segments dark brown; male 
hypopygium with the ninth tergite a chitinized saucer ; female ovipositor 
with the tergal valves serrated. 

Male — Length, 16 mm.; wing, 18-20 mm. fewa/e— Length, 
29 mm. ; wing, 25 mm. 

Frontal prolongation of the head grayish pruinose; palpi dark brown. 
Antennae of male moderately elongate, if bent backward extending 
about opposite or slightly beyond the wing-root ; first flagellar segment 
yellowish orange, the base pruinose; second and third segments yellowish 
orange; fourth and fifth segments bicolorous, the basal enlargement 
black, the remainder of each segment brownish yellow; the succeeding 
segments gradually darken into uniform brown; flagellar segments 
rather deeply incised beneath. Head gray with a capillary dark brown 
median line ; vertical tubercle with an impressed line. 

Mesonotal praescutum clear gray, the interspaces behind more 
buff-brown; four clear gray praescutal stripes, the intermediate pair 
more brownish except at their anterior ends, these stripes widely 
separated behind by a median stripe of the ground color; praescutal 
stripes narrowly margined with dark brown; scutum clear gray, each 
lobe with two brown circles, the anterior one with a clear gray center, 
the posterior one with a darker gray center; scutellum and postnotum 
gray, the latter with a capillary dark brown line. Pleura dark gray; 
dorso-pleural membrane obscure yellow. Halteres testaceous, the base 
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of the knobs dark brown. Legs with the coxse dark gray; trochanters 
\'cllowish; femora and tibia?, yellowish, broadly lipped with dark brown ; 
iarsi dark brown. Wings whitish subhyaline, variegated with light 
and' dark brown; base of the wing, costal and subcostal cells more 
yellowish; stigma dark brown, this marking extending onto the fork of 
Rs; the white areas appear as a zigzag crossband beyond the wing-base, 
extending from cell R to the posterior margin of the wing in cell 2nd .1; 
an oblique line in cell M near midlcngth of the cell; a conspicuous white 
l)and beyond the cord; cells Ri and R^ largely whitish subhyaline; veins 
dark brown. Venation: Tip of Ri preserved. 

Abdomen with the basal five segments light reddish brown, the first 
segment more grayish laterally; segments six to nine dark brown, 
appearing as a subterminal dark ring; hypopygium more or less pale 
apically. Male hypopygium as in T, centralis Lw. and allied forms; 
ninth tergite appearing as a heavily chitinized saucer, the posterior 
lateral angles jutting caudad and dorsad as subacute blades; from each 
of these blades a narrow, oblique black ridge extends proxiraad near 
the median line deflected towards the caudal margin of the sclerite and 
becoming obsolete; anterior margin of the saucer a high ridge with a 
low, obtuse elevation near each end. 

Female larger and much heavier bodied than the male. Lateral 
margins of the tergites narrowly pale. Ovipositor of the arctica type, 
the five basal teeth subacute, the outer teeth fused into a sinuous blade. 

Habitat: Japan. Holotype, cf, Maruyama, Sapporo, June 
1, 1919 (S. Kuwayama). Allotype, 9, Sapporo, 1916. Para- 
type, cT, Sapporo, 1916. 

This interesting fly is named in honor of its discoverer. 

Nephrotoma Meigen. 

Nephrotoma stygia sp. n. 

General coloration shiny black; vertical tubercle orange; pleura with 
a whitish yellow spot before the base of the halteres and on the dorso- 
pleural membrane; halteres yellow; femora yellow with the tips black- 
ened, broadest on the fore legs, narrowest on the posterior legs; wings 
hyaline, stigma dark brown, a narrow brown scam along the cord; 
abdomen entirely black. 

Male — Length about 12 mm.; wing, lO.o mm. Female — Length, 
15 mm.; wing, 11.5 mm. 

Frontal prolongation of the head shiny black; palpi black. Antenna? 
with the scapal segments reddish brown; first flagellar segment dark 
brown; remaining flagellar segments obscure brownish yellow, on the 
terminal segments passing into brown. In the female, the flagellar 
segments are uniformly brownish black. Head black, the vertical 
tubercle conspicuous, orange. 

Pronotum black, the lateral margins of the scutellum yellow, con- 
fluent with the dorsal pleural spot. Mesonotum entirely shiny black. 
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Pleura black; a small whitish yellow spot immediately cephalad of the 
haltcrcs; a sec<md spot of the same color on the dorso-plcural mem- 
brane. Halteres with the stem pale brown, the knobs light yellow 
U'gs with the coxns black; fore trochanters brown; middle and hind 
trochanters black; femora yellow, the tips broadly blackened, on the 
fore femora including the apical two-thirds; on the mid-femora, about 
'the apical fifth; on the hind femora only the apical eighth, or there- 
abouts; tibiae obscure brownish yellow, the tips blackened; tarsi black. 
Wings hyaline^ the base and subcostal cell more yellowish; stigma dark 
brown, conspicuous, continued along the cord as a conspicuous seam 
to cell 1 St 2/ extreme tip of the wing darkened ; veins black. Venation : 
Rs short, about one-half longer than the deflection of ^^4+5; cell 
narrowly sessile. 

Abdomen shiny black. In the female, the basal half of the abdomi- 
nal segments arc shiny black, the apical half deep velvety-black. Outer 
pleural appendage of the male hypopygium elongate, tapering to the 
narrow point. Ovipositor reddish hom-color. 

Habitat: Japan. Holotype, d', Ikaho, Gumma-Ken, July 7, 
1920 (K. Tanaka). Allotopotype, 9. Paratype, 9 , Chujenii, 
Tochigi-Kcn, July 9, 1920 (K. Tanaka); d, Nikko, Tochigi- 
Ken, July 9, 1920 (K. Tanaka). 

Nephrotoma neopratensis sp. n. 

General coloration black; antennal scape orange-yellow, flagellum 
dark brown; anterior part of vertex orange-yellow; a dark brown spot 
adjoining the inner margin of eye; general coloration of thorax dull 
black; femoral bases yellow; wings grayish ycllo^v, the cord and wing-tip 
infuscated; cell M\ broadly sessile; abdominal tergites brown, the 
lateral margins of the segments obscure yellow. 

Female — Length about 17 inm.; wing, 15.4 mm. 

Frontal prolongation of the head obscure brownish yellow, black 
above. Antennal scape orange-yellow; flagellum dark brown. Head 
orange-yellow, the occiput and posterior part of the vertex dark brown, 
this color extending cephalad onto the vertical tubercle; a conspicuous 
brown blotch on either side of the vertical tubercle adjoining the inner 
margin of the eye; a narrow pale ring surrounding the eyes. 

Pronotum dark brownish black, the scutellum yellow, Mesonotal 
praescutum dull black, the interspaces between the praescutal stripes 
gray pminosc; extreme humeral regions narrowly and obscurely yellow; 
scutttm and central lobe of scutellum dull black; lateral sclent es of 
scutellum obscure yellow; postnotum black. Surface of mesonotum 
in fresh specimens probably pniinose. Pleura almost entirely dark, 
very sparsely variegated with obscure yellow. Halteres yellow, the 
knobs a little darker. T^egs with the coxae concolorous with the ground- 
color of the pleura; trochanters obscure yellow; femora yellow basally, 
the tips broadly blackened, broadest on the fore legs where they include 
about the distal two-thirds, narrowest on the hind legs where about 
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the distal third is darkened; tibiae and tarsi brownisli Idack. Wines 
with a faint grayish yellow tinge, more saturated at the wing-base and in 
cell Sc; stigma oval, dark brown; distinct brownish gray scams alom^ 
the cord; faint gray seams along the cubital and median veins; wing-lip 
broadly darkened, this including the outer ends of cells R., Mi 

2nd d/ 2 , d/., and Cih. Venation : Cell Mi very broadh^ sessile! 

First abdominal tergitc brown, light gray pniinose, the lateral mar- 
gins broadly yellow; remaining abdominal tergites dark brown, only the 
anterior lateral margins obscure yellow; posterior segments uniformly 
dark bro^yn; stemites brown, pale caudally. Ovipositor with the basal 
shields shiny black, the valves light horn-yellow. 

Habitat: Japan. Holotype, 9 , Maruyama, Sanporo, Mav 
20, 1910 (S. Kuwayama). 

Nephrotoma neopratensis is allied to N, pratensis (L.) of 
Europe. It resembles N. pullata (Alex.) but has the dark 
coloration even more extensive and with the venational details 
distinct; considerably longer than Rs; cell 1st M. larger 
and with m-ai at the fork of M. 

Nephrotoma microcera sp. n. 

Antennag short in both sexes; flagellar segments unicolorous; meso- 
notal praescutum with three shiny reddish stripes; a velvety black 
mark at the ends of the transverse suture ; a capillary brown line on the 
sc-utellum and postnoturn; legs pale brownish yellow, tarsi darker; 
veins yellow, costal region more saturated; stigma pale; abdomen 
yellow, tergites trilineate with black; stemites with a capillary black 
median line. 

Male LfCngth, 13— 13 . 0 mm. ; wing, 12— 12.5 mm. Female — Length, 
19 mm.; wing, 14.5-15 mm. 

Frontal prolongation of head pale yellow above, brownish laterally; 
palpi brown. Antennae short, in the male, if bent backward, not 
attaining the wing-root ; scapal segments pale yellow, flagellum passing 
into dark brown before the tip. Head pale testaceous yellow, shiny; 
occipital mark not distinct. 

Pronotum pale yellow. Mcsonotal praescutum yellow with three 
shiny reddish to reddish brown stripes that are sometimes only faintly 
indicated; scutal lobes reddish, the median area yellow; a semilunate 
velvety-black line at the ends of the suture above the wing-root; 
scutellum reddish yellow with a capillary dark brown median line; 
Ix)stnotum yellow, with a conspicuous elongate triangular dark brown 
mark, the point directed caudad and not attaining the posterior margin 
of the sclerite. Pleura yellow, indistinctly variegated with reddish. 
Haltercs pale brown. Legs with the coxa; shiny yellow; trochanters 
yellow ; remainder of the legs pale brownish yellow; tarsi darker. Wings 
With a yellowish 'tinge, more saturated in the costal region, this color 
continued to the wing-tip; extreme wing-apex very narrowly margined 
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with dark brown; stigma pale yellow; veins dark brown, more yellowish 
in the costal region. Venation: Cell Mi very short petiolate to nar- 
rowly sessile. 

Abdominal tergites dull yellow, trilineate with black, the median line 
broader, very narrowly interrupted at the posterior margins of the 
segments; lateral margins narrower, very indistinctly interrupted at 
about one-third the len^h of each segment; stemites yellow with a 
capillary black median line that is slightly interrupted. Male hy]x)- 
pyguim having the ninth tergite with a very deep U-shaped median 
notch. Outer pleural apjoendage elongate, tapering to the slender 
apex. Ninth sternite deeply incised, each half tumid. Eighth sternitc 
with the margin feebly notched, without lobes or conspicuous bristles, 
the basal half of the sternite dark brown. 

Habitat: Japan. Holotype, cT, Komaba, Tokio, June h, 
1920 (H. Machida). Allotopotype, 9, May 29, 1920. Para- 
topotypes, 3 2 9 ’s, May 29 to June 0, 1920. Paratypes, cT, 

Maruyama, Sapporo, July 18, 1916 (S. Kuwayama) ; cf", Sap- 
poro, August 25, 1916 (S. Kuwayama). 

Nephrotoma minuticomis sp. n. 

Generally similar to N. microcera, differing as follows; Lateral 
regions of the frontal prolongation of the head not conspiaiously 
darkened. Mesonotal praescutum with the stripes black, the median 
stripe split by a capillary reddish line; each scutal lobe with two con- 
fluent black marks; no dark mark at the ends of transverse suture; 
scutellum and postnotum without a dark median vitta. Legs with the 
tips of femora and tibiae narrowly darkened. Wings with cell Mi 
subsessile to very short-petiolatc. Abdomen obscure yellow; tergites 
with three very narrow black lines, the dorsal stripe much narrower 
than in V. microcera. Tergites seven to nine dark brown, with the 
caudal margins yellow; stemites with the capillary dark line more 
intermpted; eighth sternite dark brown basally. Male hypopygium 
with the notch of the ninth tergite much broader U-shaped. Eighth 
sternite with a deep notch, the margins of which are clothed with long, 
conspicuous, yellow bristles that are contiguous or decussate across the 
median line of the body. 

Habitat: Japan. Holotype, d^, Sapporo, (S, Kuwayama). 



the systematic value of the male genitalia 

OF DELPHACID^ (HOMOPTERA). 

By Walter M. Giffard. 


During the past three years the writer has had an exceptional 
opportunity to study the male pygofer and genital organs of 
large collections of Dephacidae, including many types and 
paratypes, representing most of the species described from 
North America and the West Indies. Because of their con- 
stancy and reliability as a specific character these organs 
(which of course include the aedeagus or penis) are unques- 
tionably of first importance to the student in making correct 
determinations. The use of color as a specific character has 
led to synonomy on account of there sometimes being four color 
forms in a species, the sexes of both the brachypterous and 
macropterous forms being different. And among these forms 
there is often considerable color variation. This naturally 
results in much perplexity to the student of these insects. 

There have been and there are still strong objections by 
some workers (perhaps rightfully so) to base generic determina- 
tions on any one constant character, these preferring to accept 
a natural assemblage of characters from which to found the 
genus. A close examination and study of the collections 
previously referred to revealed in each of the genera (taking the 
genotype itself or its congeneric representative as a guide) a 
marked similarity in the form and character of the male genitalia 
within each genus, so that each of the genera studied could in a 
very large measure be determined at a glance by the structure 
of the pygofers and of the exposed genital organs alone, without 
recourse to other external characters. Within certain genera, 
as they stand at present, two or more types of genitalia are 
present and the question arises if such sexual characters, found 
only in one sex, should be used to erect new genera. In such 
cases it is highly improbable that the genus is monophylogenetic. 
In the erection of genera the hind tibia! spur or calcar has not 
been considered as much as it should have been, even by 
Kirkaldy, Muir and Crawford, who have used it for subfamily 
and tribal divisions. In discussing the Liburnia (“Delphax”) 
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group, Kirkaldy^ vSLates “the characters which appear to me to 
be of generic value in this section, lie in the genitalia and the 
tibial spur, though T am not prepared, without the examination 
of a large series of European and American forms, to formulate 
genera based on them. ” Again referring to genitalia in general, 
Kirkaldy- further suggests “that the genitalia in the male are 
the final test of a species and even afford generic criteria. ” 

Fieber^ appears to have been the first to use characters 
found in the pygofer, anal segment and genital styles for 
specific purposes and most workers, with a few notable excep- 
tions, have continued their use in certain groups of genera. 
Edwards'* appears to have been the first to dissect and figure 
the aedeagus to distinguish certain allied species. Muir" 
in working out the Hawaiian Delphacidse, placed greater weight 
upon the aedeagus and used the male genitalia not only for 
specific purposes, but also to rearrange the genera. He after- 
wards found other characters that confirmed his conclusions 
drawn from the genitalia alone. 

In anticipation of using the genitalia in a similar manner 
Mr. Muir and the author are at present at work upon the 
North American and West Indian species. In the hopes of 
interesting students in these organs as characters of systematic 
importance, the following short description of the methods 
employed and the terminology decided upon, is presented. 
Morphologists may disagree with these terms and suggest 
using others that show the homology with other insects, but 
until we are sure what those homologies really are it is best 
to use purely descriptive names, most of which are already in 
use. 


^Kirkaldy, Haw. Sug. PI. Ass. Report 1907 Div. of Ent. Bull. Ill, p. 150. 
-Op. cit. page 124. 

^Fieber Vcrhandl. Zool. bot. Gcs. XVI, 1866, p. 517-534, PI. VIII. 
^Edwards Horn. British Islands, 1896, pi. 6. 

^Muir Proc. Haw. Ent. Soc. Ill, 3, 1916, pp. 221, pis. 2, 3, 4. 
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Nome.nxlature of Genitalia. 

{See Figures 1, 2 and 3). 

What is apparently the ninth abdominal segment in Delphackhe is 
specialized into a more or less long, chitinous ring {the pygofer {a) ) 
without any clear trace of tergiim, sternum or pleura. Tlic posterior 
dorsal edge is more or less deeply emarginate {anal ewar^inalion {c) ) 
and more or less surrounds the anal segment (g); the corners of this 
emargination are more or less angular {a?ial angle {b) ) and in some s]Decies 
are considerably produced; the lateral margins {p) vary in shape, being 
straight and entire, produced or excavated; the ventral margin {o) also 
varies in the diHerent species. The relative length and breadth of the 
opening {ai, af) is also important. The tenth and eleventh abdominal 
segmimls fonn a small tube {the anal segment {g) ) which lies more or less 
surrounded by the aftal emargination {c) of the py gofer. The anus opens 
on this latter segment and below or ventrad of the anus is the anal 
style {h) ; on the ventral surface of the anal segment are the processes of 
the anal segment {anal processes {i) ) generally in the form of a pair of 
spines. Looking into the opening of the pygofer one secs a more or less 
chitinous wall dividing it into an outer and inner chamber. This is the 
diaphragm (d) the dorsal margin {e) of which is generally V-shaped and 
often in the middle there is developed an artnature (/) ; near the ventral 



Flos. 1 and 2. 

PYKofer; aS opening of pygofer 
{a^ length, breadth). 

b. anal angle of pygofer. 

c. anal emargination of pygofer. 

d. diaphragm. 

s’ margin of diaphnagm. 

/. armature of diaphragm. 

g. anal segment. 

A. anal style. 

i- anal process of spine. 

h. genital style. 

h inner margin of genital style. 


m. outer margin of genital style. 

n. aedeagus (or penis). 

0 . ventral margin of pygofer. 

p. lateral margin of pygofer. 

q. base of pygofer. 

r. orifice of diaphragm, 

y. basal angle of genital style. 

Fig, 3. 

n. aedeagus. 

Fig. 4. 

Details of card mount. 
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ed^e or margin {o) of the py^ofer the diaphragm is pierced by an orifice 
(r), through which the genital styles pass. The length of the diaphragm 
is from the dorsal margin in the middle to the orifice. In the Dclphacid.'c 
there is always one pair of genital styles {k) which are of various me 
and shape; the terms inner {1) and outer (m) margins are of use in 
descriptive work, also the basal migle ( 5 ). The aedaegus (n) arises from 
the bottom of the inner chamber and when at rest its apex generally 
projects over the middle of the dorsal margin of the diaphragm, just 
above the annaturc. There is an internal structure connecting the 
anal segment to the base of the genital styles, which can be termed the 
connecting structure. 

The Dissection and Treatment of the Pygofer and 
Genital Organs. 

For ordinary purposes, when comparing the margins of the pygofer 
and exposed genital organs of a species under examination with any 
illustration or figure, the binocular microscope is much preferable to 
the hand lenses ordinarily in use and students should by all means 
use the former when possible. The size and opaqueness of these organs 
in very many of the species arc such that in careful systematic work 
even the binocular, without an electric illuminator or condenser,* is 
insufficient to secure a proper and correct view of their structure. With 
an abundance of material to choose from, one might, on occasion, 
select an example which would result satisfactorily without the illumi- 
nator, but otherwise the student is quite apt to draw wrong conclusions. 

The structures of the genital organs contained within the aperture of 
the pygofer are, as previously stated, of the greatest importance for 
correct determination of the species and these must therefore not only 
be viewed by the observer under the best of conditions, but on occasion 
the aedeagus, genital styles and anal tube must be dissected out. The 
aedeagus itself is so hidden behind the diaphragm of the pygofer that it is 
seldom visible, even with the strongest of illuminations and magnifica- 
tion. The anal tube, whilst visible, in a measure, with the hand lens 
or binocular, has in very many instances spines or processes of various 
lengths attached to its medio ventral surface, which are either quite 
invisible or are obscured by the genital styles. Immany instances 
specimens, as ordinarily viewed, have their genital styles resting at a 
different angle than when they are normally at rest, which fact is quite 
sufficient to alter the outline and lead to error. This can easily be over- 
come if the styles are dissected out and a flat view taken. 

The dissection of the genital organs is simple, if reasonable care is 
used. The method adopted by Mr. Muir and the author is to carefully 
sever the pygofer from the abdomen, transferring it to a 50% or 60% 
solution of Caustic Soda and boiling it over an alcohol flame in an 

* The author has used with much success the B. & L. micr. lamp with aspheric 
condenser and transformer for 1 10 V. alternating current. The smaller and cheaper 
B. & L. illuminator and condenser has not been altogether satisfactory for this 
special work. 
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ordinary test tube for a few seconds only. The success of the method 
deixmds largely on the boiling process, fer if it is boiled too long the 
clearness of structural detail is spoiled, whilst if it is not boiled enough, 
much fatty matter will remain attached to the organs to be observed, 
thereby causing seme slight inconvenience in their further dissection 
and observation. It is, however, far better to underboil than otherwise. 
The student will soon learn to detect by the size, condition and api^ear- 
ance of the py gofer just what time is required in this boiling process. 
From the Caustic Seda the specimen is immediately transferred to 
water in order to wash and clear it. For this, it appears preferable to 
use a concave glass slide, so that the object may be kept under better 
control whilst under the binocular microsajpe. During this clearing 
process in water, the genital organs should be dissected out from the 
pygofer. This is done by means of fine needle points, with handles 
attached, holding the pygofer down with one needle whilst inserting the 
other through its anterior opening and pushing outwards the organs 
until all these are plainly visible. If it is intended to make a micro- 
scopic slide of the genitalia further manipulation and dissection under the 
binocular will be necessary in order to free the organs from the 
diaphragm or wall of the aperture of the pygofer, but for ordinary 
purposes of identification the pygofer together with the protruding 
organs can, without further process, be transferred with a very fine 
camel’s hair brush or the point of a needle to the card point on which the 
insect specimen is mounted. Care must however be taken not to crush 
or smother the parts during manipulation and the mounting on the card 
point must also be carefully done, otherwise the organs will appear 
distorted and useless. Before mounting in balsam it is necessary to 
transfer the pygofer and genital organs into absolute alcohol in order 
to dehydrate and harden these. A few minutes only is required and 
the organs should then be cleared by transferring them from the alcohol 
to clove or cedar oil. In either one of these latter they may remain for 
a few hours, if necessary, but if speed is desired, four or five minutes is 
all that is required. 

Some have objections to the microscopic slide process, as the slides 
have to be kept apart from the cabinet specimens; and again others 
claim that there is apt to be an absence of detail as shown by the “ card 
point ” system. To these may be suggested another and very acceptable 
method of permanently disposing of their dissections and at the same 
time keeping these attached to, or alongside, the insect specimen in 
their cabinets. This system has been called the Balsam card cell 
process,* and it has been used to an appreciable extent for the mounting 
of the genitalia of type specimens. For the purpose, rather stout 
Bristol board mounts of uniform size should be used (See Figure 4). 


* Similar cells to these can be used without balsam for mounting delicate 
tj'pes, the insect being fastened with a small drop of clear gum to the bottom cover 
glass. Dr. David Sharp has types of small Staphalinidae so mounted which can 
he viewed dorsally and ventral ly under a fairly high power. The probability of 
damage or destruction of such specimens is greatly reduced by using this method. 
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A cell about 5 mm. in diameter must be smoothly punched towards one 
end and a 12 mm. circular or square cover glass be gummed or otherwise 
attached to the underside of the mount and allowed to dry (under cover) 
for several days before using, A stock of these may be prepared ready 
for use when necessary. Instead of entirely dissecting out the genital 
organs from the pygofer, as would be done for making a slide, manipulate 
and prepare the object as would be done for mounting on card point, 
taking care, however, that the dissection has later been transferred 
to alcohol and then into either Xylol or Clove oil before it is finalh^ 
transferred to the Canada Balsam cell. The transfer from Clove oil 
or Xylol to the cell (in which a drop of Balsam has been placed) and the 
manipulation required to secure a proper lateral view of the margin 
of the pygofer, the armature if any, the anal lube and spines, the 
genital styles and aedeagus, is a delicate process, but fairly easy after 
a little experience. Before placing the final cover glass over the object 
it is w^ell to wait a day or two and be sure that the object has not changed 
the desired x-)o.sition and that further manipulation is not required. 
Should a change be necessary, soften the Canada Balsam by passing 
the mount quickly, for a second or two, over the alcohol flame then 
using Xylol on needle points to alter the position of the objects. Once 
assured that the mount is satisfactory, another drop of Canada Balsam 
to lake the final cover glass will end the process and give the student 
a perfect and permanent specimen of the genital organs. The pin of the 
insect mount can be run through the end of card cell and so allow 
the specimen and mount to be placed in the cabinet together. If the 
card cell sags, a small piece of cork can be glued to the underside of 
the card cell where the pin pierces it. 



the hawthorn blossom weevil (ANTHONOMUS 
NEBULOSUS LEG.)* 

Walter H. Wellhovse. 

One of the most interesting and injurious of the insects 
found on the hawthorns is this member of a very destructive 
genus of blossom weevils. Its mode of life resembles in a 
general way that of the Mexican cotton boll weevil, Antho}wmus 
onuidis, and is almost identical with that of the European apple 
blossom weevil, A. pomorum (see Theobald, 11)09, p. 104-110). 

The original description of A, nehulosiis by Dr. Leconte 
may be found in the Proceedings of the American Philosophical 
Society 15:197, 1876, and a more complete description is given 
by Dietz in the Transactions of the American Entomological 
Society, 18:203, 1891. In the present account it is sufficient 
to say that A. nebulosus is a brown or grayish oval beetle, 
3.75-4.25 mm. long, generally with a whitish V-shaped mark 
on the fore part of the elytra, with a long slender curved beak, 
and the front femur bearing two teeth on its apical portion, 
one a large and the other a small tooth. 

It has been found in New York, New Jersey, Michigan, 
Indiana, Missouri, Arkansas and Louisiana, so it seems probable 
that it is present wherever its hosts are found East of the 
Rocky Mountains. Although Dietz considers this species to 
be more characteristic of the European fauna than of our own, 
no record can be found of its occurrence in Europe or elsewhere 
outside of our country. 

Its hosts include a number of the larger flowered species of 
hawthorns, such as Grata egm; punctata, C. brain erdi, C. pruinosa 
and C. mollis. The smaller flowered species such as C. oxya- 
cantha are not selected by the beetles for ovi position, probably 
because there is not space enough for the full development of 
the larva wdthin the bud. 

The injury caused by the hawthorn blossom weevil is most 
apparent while the trees are in full bloom. At that time 
mfested blossoms are brown and remain closed. On badly 
infested trees fully 50 per cent of the blossoms may be in that 
condition and the trees present a scorched appearance. As 

* Contribution from the Entomological Laboratory, Cornell University, 
Uhaca, X. Y. 
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the young fruit begins to set the infested blossoms commonly 
fall to the ground, but may sometimes be seen on the trees even 
after the beetles have emerged in June. 

They come out of hibernation and appear on the branches 
of the hosts about mid-April, feeding ravenously on the buds 
which are shelving green. It is not uncommon to see a beetle 
with feet braced and beak inserted up to the eyes in ^a bud 
while it hurriedly eats the tender leaves within. As soon as all 
the food within reach of the entrance hole is eaten, the beetle 
seeks another bud on the twig and repeats the process. The 
puncture in the bud is round, .3 mm. in diameter, and turns 



dark as soon as the beak is withdrawn. The presence of the 
beetles may be detected by these dark round holes in the 
buds before the egg-laying period arrives. They continue 
to feed on the buds during suitable weather until the clusters 
have separated enough for oviposit ion in the blossoms. 

During cool weather they remain inactive, generally in the 
axils of the twigs with heads down. A few observations on 
the relation of temperature to their activities were made, and 
these indicate that the beetles remain inactive while the tem- 
perature is below 50° F. The optimum temperature is 60° to 
70° and when it is raised to 78°, they rush about like mad, 
attempting to oviposit in every bud. Under most conditions 
they seem reluctant to fly, but when placed on distasteful food 
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they fly away. They continue their activities on cloudy or 
rainy days and at night if the temperature is sufficiently high. 

The period between the opening of the blossom clusters and 
the opening of the blossoms themselves is the time of oviposition, 
and the length of this period probably influences the amount 
of injury to a considerable extent. If it is prolonged by cool, 
cloudy w'eather, then eggs may be placed in more blossoms 
before they open. The oviposition period comes about May 15 
at Ithaca. 

After selecting a suitable blossom bud the female makes a 
hole in the side of the calyx with her beak, then turning around 
she thrusts the egg into the hole with her ovipositor and moves 
to another bud to repeat the process. A clear liquid fills the 
hole where the egg is thrust in, which soon hardens and seals 
the opening completely. The act of oviposition requires about 
10 minutes when the temperature is OS'" or 70°, but requires an 
hour at 54°, 

The egg is pearly white, .6 mm. long, .36 mm. wide, elliptical 
generally the same size at both ends, but when tucked in tightly 
between the anthers it may be narrower at one end to conform 
to the space it fills. It is almost the same size and color as the 
anthers and difficult to distinguish from them. The corium is 
smooth, unsculptured, delicate, drying and collapsing when 
exposed to the air for one hour. 

After about a week the young white curved legless larva is 
found within the bud. It feeds upon the anthers and as it grows 
consumes all the internal parts of the flower, but leaves intact 
the wall of the receptacle and the closed petals which form 
the roof of its house. The petals become stiff, as if they were 
starched, and do not shrink away as they turn brown. After 
feeding a couple weeks, the larva is dirty white, 6 to 8 mm. long, 
legless, has a small brown head and lies in a curved position. 
At about this time it moults and changes to a white free pupa 
6 mm. long, with a dark caudal spine, 2 dark prominent spines 
on the apex of the head and several smaller spines farther 
back on the head. After pupating during a week or a little 
longer, the beetle makes a hole in the top or side of its house 
with the beak and emerges. 

It begins to feed a few minutes after emergence, choosing 
for its food the first young thorn or fruit in its pathway as it 
wanders along the branch. The thorns of the current season’s 
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growth seem to be a very attractive food. A hole is drilled 
near the base of the thorn and the beetle will spend hours with 
the beak inserted in the hole clear up to the eyes, prying and 
straining to enlarge the cavity within the thorn. The round 
hole at the base of a thorn does not heal during the season’s 
growth and the presence of such holes will indicate at any time 
of the year the presence of the blossom w^cevils. The beetles also 
attack the fruit and make several round holes in a single fruit 
before seeking another. The holes become brown almost 
immediately. I have never found the beetles eating leaves or 
tender twigs, but they sometimes feed on the succulent globular 
leaf galls of cecidomyiid larvae. They will puncture and feed 
on young apples in the cages when fresh haws are not to be had, 
but I have found none feeding on apples in the field. 

After feeding for a week or ten days the beetles may be 
found in copulation on the branches, and a week or so later, as 
warm July weather comes, they disappear from the trees. 
Those kept in breeding cages remained hidden in fallen curled 
leaves and hollow twigs on the ground all summer and winter 
without feeding until the next spring. A search for their 
hiding places in the field revealed a score of the beetles enclosed 
in curled dried leaves on the ground beneath their host trees. 

The life cycle may be summarized as follows : The immature 
stages (egg, larva and pupa) are completed within the closed 
blossom in from 27 to 35 days and the remainder of the year 
is passed in the adult stage. The adults feed on thorns and 
fruit for two or three \veeks after emerging from the blossoms, 
then remain quiescent among fallen leaves on the ground until 
the next spring, when they feed for about a month on the 
buds before ovipositing. Soon after ovi position the beetles 
die. In New York the eggs arc laid about mid-May and the 
beetles emerge from the blossoms in June. Pierce says the 
beetles emerge in late March and early in April in Louisiana. 
The time of their development in different latitudes is dependent 
on the opening of the hawthorn blossoms in those latitudes. 

A number of natural enemies of the blossom weevil have been 
observed. Various birds and especially sparrows pick open the 
brown blossoms to eat the larvae and pupae. Pierce found them 
to be parasitized by Catolaccus hunteri and Sigalphus sp. 
(U. S. Bur. Ent. Bull. 100, p. 77). The writer has bred another 
chalcid, Habrocytus piercei Cwfd. from the larva of the weevil, 
the adult parasites emerging June 16th and 17th. 



SOME NEGLECTED SET^ OF LEPIDOPTEROUS LARViE. 

By Harrisox GAK\tA\. 

A study of the corn-ear worm larva with reference to its 
external structure* has revealed series of microscopic setjc, 
some of which appear to have been overlooked by other writers 
when dealing with the Noctuidae and are thus not recognized 
in the systems employed, though they are as constant in every 
way as the larger setae to which numbers, or Greek letters, 
have been assigned. As opportunity arose the author has 
examined larvae of other families of moths and finds the same 
set^e present, though showing some variations with family, 
in their numbers, in position on the body, and in their relation 
to each other and to certain of the large setm. As examples 
of these variations 1 am presenting figures made from greatly 
enlarged photographs of the skins of one of the Cossida?., 
Prionoxysiiis robinicB, the well known Carpenter worm of black 
locust trees, and of Tholeria reversalis, one of the Pyralidm. 

The bod}' of the carpemter worm when about half grown bears round 
brownish tubercles upon which the setre arise, the pigmt'iH cf the 
Uiberclcs serving as a guide in locating the seta: and enabling cnc to 
(ind with no special difficulty even the smallest of them. This larva 
l)cars six large set£e on each side of its neck plate, and one microscopic 
seta at the posterior edge of each half, the latter being the homolog of 
the one noted on the neck plate of Chloridea, The neck plate bears 
atso on each side three sense pores, the lateral one minute, and a gland 
outlet outside and a trifle posterior to seta ita. A ventral mici’oscopic 
seta is present on the prothorax anterior to the base of the jointed leg, 
and a second just in front of the base. 

The • rnesothorax and metalhorax arc alike in the number and 
arrangement of setae. A single microscopic seta is present at the 
anterior edge nearly in line with seta iib of the neck plate. Exterior 
to these setae, in line with the ventral sense pore of the neck plate, is on 
];)oth mesO“ and metathorax a pair of microscopic set ay otherwise the 
microscopic setae are like those of the prothorax. The fourth body 
somite (1st abdominal) bears a seta at its anterior edge, in line with the 
^ne on the thoracic somites, but; lacks the lateral pair of microsetae as 
does also the succeeding abdominal somites, but the microscopic seta 
Ilia appears before the spiracle as an independent seta. The more 

* Bulletin No. 227, Kentucky Experiment Station. 
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Pig» 2. Left side of larva of PHonoxystus fobinicB, showing body somites 4 to I 
inclusive (abdominal somites 1 to 4, inclusive). Letters and numb r 
as m Fig. 1, 
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,;.:.rsal of the two ventral microscopic set® of the thorax disappears 

lid is lacking also on succeeding abdominal somites. 

The fourth body somite (2nd abdominal) bears a pair of microscopic 
■etrc in the dorsal senes, the outermost vestigial; and on all following 
.oinites to and including the 12th body (9th abdominal) this pair is 
present, the two becoming somewhat widely separated on the 11th and 
ll’th. 

The larva of Thokria reversals has been taken in some numbers on 
several occasions from Laburnum in nurseries in Kentucky It is a 
particularly fine larva for the study of setae, because the festles are 
Iwme on dense black, often angular, plates, and can be even more readily 
k^cated than in the larva of Prionoxystus robitiKE. The same number (6) 
of macroscopic set« is present on the neck plate, with three sense pores 
as in Noctuidm and Cossidse. A microscopic seta is present at the 
posterior edge of the neck plate. The microscopic set® of the meso- and 
metathorax are as in Prionoxystus, except that the pair is mounted on a 
I)inaculum on each of these somites, the plates having apparently united 
The dorsal senes of microscopic set® consists of a single seta near the 
antenor margin of somites 4 to 12 inclusive. The microscopic seta iiia 
IS in this larva associated on a hammer-shaped plate with the larger 
seta III, and is to be recognized on body somites 4 to 11 inclusive. The 
presence of iiia with iir on a pinaculum is a feature in which it agrees 
with Hepialus and certain Tortricids and differs from Prionoxystus 

A singular dermal gland with contorted chitinous efferent tubule 
opens on each side just posterior and a trifle ventral to the dorsal 
microscopic seta, on body somites 2 to 11 inclusive. Each efferent 
tube opens by a funnel-shaped enlargement in the cuticle. One of 
these glands and tubes opens also in the neck plate, and one in the base 
of each jointed leg. These are probably glands of the same nature as 
those described by E. Verson (See Packard’s Text Book of Entomology) 
and said to^ give off oxalate of lime at an early stage, and later, uric 
acid But It seems unlikely that special excretory organs arc needed in 
this larva and not also m Noctuid®. They have not at any rate been 
observed in Chloridea. In Prionoxystus there is a small aperture 
outside seta iia of the neck plate, that probably represents these glands 
it IS liable to be mistaken for a fourth sense pore. The glands may 
produce some defensive excretion, but the efferent ducts are suggestive 
ot the nephridia of Annelids, and it may prove that they are accessory 
renal organs as has been suggested. In the figures, the outlets of these 
glands are marked by an x. 

The large set® that have received numbers according to Dr, Dyar’s 
p'stem are indicated by these numbers in accompanying drawings, the 
homologies being determined by comparison of the photographs with 
ngurcs published by Mr. Carl Heinrich* and made from larv® of the 
same tamily in each case. In my own figures the microscopic set® 
not represented by Mr. Heinrich are indicate by letters. 

* Proc. U. S. Nat. Mus.. Vol. 57, pp. .53-96, 1920. 
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Fi". 3. Left side of larva of Prionoxystus robinm, showing body somites 10 to 13, 
inclusive. Letters and numbers as in Figs. 1 and 2. 



Fig. 4. Left side of larva of Tholeria reversalis, showing body somites 1 to L 
inclusive. Letters and numbers as in Figs. 1-3. Location of dermal 
glands marked by x. 
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IS evident from an examination of these larwT that Dr. Dvar’s 
:i.ers will some time, require rearrangement so as to include' in iheir 
r< ntriatc places all of the sette now known to be prescnl.. on the bodie.s 
t nidopterous larvte. 

riie microscopic setee must be considered in anv complete sv'siem 
lA'ing the chaetotaxy of our species. They arc clearly a ’lom^- 
„ i.'il.ilished feature of the structure of many families, and their vesiiinal 
-.oaracter appears to denote some change in the integument of scm'iios 
•■a.' nature of which wc do not at present undersiatid, vSoitk^ or all of 
;Ik- sc’uT appear even among the confusing develo])rnent cf secondary 
in such families as Arctiidoi and Notodontidte On the larva of 
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tig. 5. Left side of larva of Tholeria revsrsalis, showing bcxiv somites 1) to 18, 
inclusive. 


Acrolophus morli peneMus (Acrolophidcc) the itaircd sel;c (D. and E. of 
inv Figures) of the thorax arc borne by a sclcritc of some size, not 
different from those bearing the large sette. The minute seta (A) of 
the neck plate is present in most of our families of moths, v^^cta iiia 
is also generally present, though it lias often liccii overlooked.'^ The 
others when sought out have proved not Ic.s.s constant, and once their 
location on the body is known, one can on a large number of our gt'nera 
count with certainty on finding them wIk'ii this portion of the cuticle 
IS brought under the microscope. 

* It does not, however, always bear the same relation to iii even in the same 
subfamily. Thus in Tholeria revcrsolis it is associated with in, but in Desmia 
mnerahs it is independent. 



STUDIES ON THE RESPIRATION OF INSECTS. 

I. The Gases and Respiratory Proteins of Insect Blood. 


Richard A. Muttkowski, Ph. D. 

(Contribution from the Zoological Laboratory of the University 
of Idaho, Moscow, Idaho). 


I’ACE 

1. Introductory l.iO 

2. Oxygen and Respiratory Proteins in Insect Blood 1,51 

3. Carbon Dioxide in Insect Blood 154 

4. The Role of Insect Blood 1,55 

5. .Summary 156 

6. Bibliography ' 1,56 


L Introductory. 

The following paper aims to present certain phases of 
investigations on the respiration of insects. In a recent article 
(sec Bull. Brooklyn Ent. Soc., 15, pp. 89-96, 131-140) I called 
attention to the fixation of oxygen by the blood of some aquatic 
insects. “In a few rare cases,” it was stated (p. 94), “the 
carrier Is colored. Thus, in some species of Chironomidae, 
the pigment is hemoglobin, like that of Vertebrates, except that 
it is found in the plasma, not within the corpuscles. * * + 

The oxygen diffuses through the epidermis just as in the case 
of vertebrates, and is fixed by the hemoglobin or other carrier 
(perhaps hemocyanin?) in the blood. Just what this other 
carrier may be is not definitely ascertained. But by far the 
larger number of aquatic insects have no visible colored carrier 
or respiratory pigment. Thus, for example, Trichoptera larvae, 
the larvae of Simulium, of Culicidae, and of most Chironomidae, 
have gill pouches, usually placed at the caudal end, but all 
without any visible indication of a respiratory pigment.” 

As at present understood, respiration among Tracheates 
proceeds directly; atmospheric oxygen is led directly to the 
cells by the tracheae, while the blood acts primarily in the 
transportation of food and metabolic products. The question 
whether or not the blood may play a certain part in the trans- 
portation of gases is a point that merits investigation. 

The following experiments on this subject were performed 
during spring, summer and fall of 1920, although some earlier 
observations are included in this paper. 
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II. Oxygen and Respiratory Proteins in Insect Blood. 

To determine the oxygen content of insect blood directly is a matter 
: some difficulty, primarily because such reagents as arc available are 
li table only for considerable quantities of material, and are not adapt- 
,’olc for use with the microscopic quantities dealt with in the present 
'.jjeriments. For instance, an excellent reagent is pvrogallic acid, 
vsTiich in presence of an alkali absorbs oxygen with avidity. When 
A'sting for oxygen in the few drops of blood obtained from an insect, 
ihc difficulty lay in occluding atmospheric oxygen. Yet several experi- 
ments indicated the presence of oxygen in the blood; for the reagent 
darkened much mere rapidly when applied to insect blood (pyrogallic 
acid turns brown to black with absorbed oxygen) than in the blank 
t\ nlrol tests. Yet at best this was unsatisfactory, as at least some 
])!jrtion of the reagent was in contact with atmospheric oxygen and 
tended to obscure the blood reaction. Nor could this be obviated with 
the use of cell slides and vaselined cover slips. 

However, the same reagent was applied to Dytiscus larva? by another 
method which was more effective. Freshly prepared pyrogallic acid 
solution was injected into the body cavity of the larvse, followed by 
weak hydroxide. Death ensued quickly, in periods ranging from ten 
seconds to three minutes. Even before dissection the semi-transparent 
larvae showed brown stains inside. The dissected larva' showed brown 
blotches in the baemocoel and among the tissues, indicating that 
oxygen had been absorbed by the reagent. In the vicinity of the 
tracheae the reagent was deeper brown, while the trache?e themselves 
were almost black. Here, too, once the animal was cut open, atmos- 
pheric air had access to the reagent, which then blackened rapidly, 
obscured the tissues, and prevented more detailed study. 

No doubt some of this reaction was due to oxygen dissolved in the 
blood serum, although the serum has no powder to combine with oxygen 
like a respiratory protein. This oxygen, in mammalian serum, amounts 
to 94% of the amount soluble in water and the serum loses its supply 
with increased temperature. 

These experiments, which were repeated a number of times with 
Dytiscus, Aeshna, Chironomus, and other larvae, are significant from 
at least the qualitative standpoint. They do not indicate whether 
an active agent was present which combined loosely with the oxygen, 
or if the gas was in physical solution as in the water. The topic was, 
therefore broached from another angle — namely, that of the presence 
or absence of respiratory proteins. The obvious postulate was: If a 
respiratory pigment>^an be demonstrated in the blood of insects, its 
puqwse must be to fix and transport oxygen. In that case, the blood 
of insects has the additional function of aiciing in the respiration. 

Such a respiratory protein need not necessarily be visible to the 
naked eye. For, in the first place, among the insects we are dealing 
with minute quantities of blood. Secondly, such a pigment wculd play 
only a subsidiary role, as the primary supply of oxygen is received by 
way of the tracheae. The quantities of gas in solution in the blood 
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would, therefore, be Tuiiiimal. Besides, even in such animals as crayfiv; . 
where the respiratory protein is known to be hemccyanin and bluish • 
color, when fully oxiclizi^d, the blood generally shows no color at ai . 
It may be entirely transparent, or a pale to definite blue. Or it ini'll; 
1)0 a })ink to bripdii re<l, depending upon the amount of non-respirator;, 
jjipmu'nt (Tetroncrythrin) present. In insects the blood, if colored at ah. 
is bluish or yreenish, forming; black clots. There are exceptions to this, 
such as adult Dyiiscus, in which the blood is saffron yellow to oran<.!,'i’ 
ill C(,)lor, allhoupdi blue to purple in the larva?.. This color is not due t<> 
any ri’Spiratory protein, but to non-res])iratory pi^ents, which arc- 
stored in tlic blood and elaborated into the e.Ktei*nal colors of the adult. 

Assuniinp^ a resiiiratory piyment for the moment, there are two 
possii)ilitics — the carrier in question may be cither hemoglobin, cir 
henic.cyanin, or both, as in some mollusks. As far as known to the 
writer, ht'niocyanin lias not bcini definitely reported for insects, whik 
iK'uioyloliiii is known only for the Chironomid “blood-worms. ’’ 

A ('onsiderable. number of experiments \\ C‘re performed in the ensuinp 
in\'cstiqatk.ms. The.se experiments on respiratory proteins in insects 
have been tlescribod elsewhere, but since they bear on this discussion, a 
summary of the salient points will be necessary. 

The problem as studied, presented the followinq^ phases: (1) 
Considering that conditions as met in aquatic insects postulate the 
]>rescnce of a respiratory protein, can .such a jirotein be demonstrated' 
(2) If present, what is its nature.' (il) Ls it confined to aquatic insects 
])osscssin,q blood ^ills, or is it universal amonp" insects' 

Fvir the first of these it was shown that tlic blood of insects reacts 
with the oxidation tests for hemoglobin (Guiac, 0-tolidin, Benzidine), 
Regardless of the species. Only Chironomid blood reacted with the 
lieniin tests for hemoglobin. These tests showed that a respiratory 
lirotein was present. 

In the sc'eoiid phase, considering the nature' of this protein, two 
possibilities offered themseh'cs. Of known proteins in Arthr^poda 
there are only hcmccyanin and hemoglobin. The first of these has a 
co]j])er nucleus, che second is an, iron com|.)Gund. The hemin tests for 
hemoglobin sliowcd that this protein is restricted to Chironcmid “blood- 
worms” among the insects. It is a fact, however, that the bleed of 
Aeshna, Anax, Dytisciis, and other iris('Cls showed isolated crystals 
resembling the lu'min ])nsnis. If present at all, therefore, hemoglobin 
is available only in infinitesimal quanilticc and may be disregarded. 

For hemocyanin no direct tests arc known. It was held, however, 
that if by some means copper could be showm to "tec present in insect 
blood in quantities as large as found in crayfish blood where the copper 
has a known function, then its role in both is identical. For this purpose 
a number of incinerations of insect and crayfish blood were made and 
the ashes tested for copper. Both reacted positively, showing copper 
in approximately equal amounts. It was therefore concluded that 
insects contain a respiratory of a nature similar to that of the craydish, 
namclv a hcmccvanin. 
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n ilic third pliases of that study, the dislribulir)n (;t (X)ppcr in iiKccis 
; llowing list of animals were incinerated. (Numbers rcf(T to num- 
:f separate incinerations, not to number of specimens): 


iptera: Dytisous, 19; Gyrinus, 1; Harpalus, 1; l^cptiiiotarsa 1 
■ren.tptcra: Apis, 2; Bombus, 1; FolisU’s, 2; Formica, 1. ’ ’ 

tiiipiera: Pieris, 4; XoctuidaD, 2, 

•u-a: Musca, 4; Stomoxys, 2; Tachinid, 1; Stratiomyia 1 
■::;;>u'ra: Belostoma, 17; Ranatra, 1 ; Xotonecta, :i; Gerri’s, 1 ; Corixa Vnliis 
1. Leptocoris, 2. o, 

. ...ama: Anax and Aeshna, 1; Anax, 2; Aeshna, Jo; Svmpeirum, 4; Lilx-llula I- 
bnallasma, 6. . . , , 

t> ':;t'i7ieri{Fn: Several sj.)p., 1. 
i; iL-hoptera: Several app., 1, 

Xniroptcra: Myrmeleon, 3. 

Me^raloptera; Sialis, L 
i->ptCTa; Ternics. 1. 

Hrihoptera: Gryllus, 1; Ccuthophilus, 1; LociisLa. 1 ; Melaiioplus, P I)isso^teira 1 
( mslac’ca: Carribarus, 3t5; Hyalella, 2; Plankton. 1; Daidmia. 2- \Iicrocv^^ti<^ ' 1 ■ 
Limnocalaiius, 1. . • ? - 

draeJmida: Aredope, 1; Phalcana, I; Spiders, 1. 

.Mvn.aiJO(]a; Centipeds, 1; millipeds, 1. 

Aiinulata; Lumhricus, 1, 

.M'')lusca: Snails, 5; slugs, 2. 

Wniathelminthea; Asearis, 1. 

I’roiuzoa; Volvox, 1. 

ClvjrdaUi; Snake blood. 1; human blood, I; mouse, 1. 


Ah cf these, except human blood, reacted ])osiii\-i'K' for coi)])er 
sliuwing varying amounts. ' ’ 

As a final phase, the sourc'cs of co|)])er wen’ studied. Some 30 
mcineraticns were made of twelve species of plants, all of wiiich showed 
traces of copper. The soil and water were also tested, with i)osiiive 
re.wuts. 

All of the Arthropoda siudic'd showed a surprising uniformil}' in 
tneir reactions for copper. In practicalh' all cases copper was present 
in quantities ncarlv equal to that of crayfish bk^od. d'his uniformity 
must have its significance. Copper in the quantities found could not 
(-ome to the insects in their daily feeding, unk'ss the tissues exercised a 
discriminating^ .selection for the coijpcf in their food. This co])per 
must be functional, and because of the analogies ])()int(xl out it is inter- 
preted as forming the nucleus of a respiratory pmotcin, hemoc^^anin. 

] 1 ^ further point, to be considered. Unle.ss we assume a 

blood protein to fix the oxygen, wc cannot account for the presence of 
oxvgen in the blood of insects living under practically anaerobic con- 
Uitions, that is, insects living in warm and stagiiam water. 

Physically, oxygen tends to form a l>a lance on both sides of a moist 
0 m^embranc. But since in tlic surnmcT there are two 

haciors which tend to decrease the ox}'gen supply a\milable to insects 
the water, namely organic decomposition and the heat of the water, 
the amount of oxygen, on a purely physical basis, would diminish also 
Aitnin the insect. Water contains its largest amount of dissolved 
'■N^gcn at zero, and as the temperature rises this amount becomes less 
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and less, until it is zero at boiling point of the water. Furtherm( o, 
as the temi^erature of water rises above zero, decomposition and oxic i- 
tion of wastes increase, so that the available supply of dissolved oxyg; n 
is used up in inverse ratio to its absorption by the water. 

If respiration in aquatic insects, specifically in water-breathers, 
proceeded on the basis of a physical gas equilibrium on two sides of a 
membrane, the insect would soon show a deficiency of oxygen, and 
that at a time when it is most active and its metabolism demands a 
high rate of oxygenation. Yet this is precisely what we do not find. 
Regardless of the impoverished oxygen in warm pond or swamp water, 
the insect blood contains a plentiful supply of oxygen, and metabolism 
proceeds at its normal rate. Thus, in Aeshna, Dytiscus, and Chiro- 
nomid larvae, purposely kept in covered jars filled with decaying plant 
and animal matter, I found normal activity and the blood reacted 
copiously with injections of Pyrogallic acid. It is evident, therefore, 
that the blood possesses a protein which is capable of binding oxygen in 
excess of the amounts dissolved in the water. The incinerations showed 
that this protein is a copper compound. 

From this standpoint, the various respiratory structures of insects, 
especially the gill filaments and gill pouches of Trichoptera larvae and 
aquatic caterpillars, the caudal blood gills of Chironomus larvae, of 
Culicid larvae, Simulium larvae, etc., acquire a real significance. These 
structures are purely blood gills, consisting of a thin cuticle and epi- 
dermis and their lumina are continuous with the haemocoel, so that 
the blood courses freely through them. With this type of gill, a 
respiratory protein to fix oxygen is very effective. On the other hand, 
unless such a protein is present, these structures loose their significance, 
in fact, appear useless as organs and inefficient physiologically, 

III. Carbon Dioxide in Insect Blood. 

The presence of carbon dioxide in insect blood has been reported 
frequently. During the summer of 1920 I was able to verify this fact 
in several series of experiments. The insects used were the same species 
utilized in the incinerations ♦listed in the preceding section. The 
reagents employed were Potassium and Barium hydroxides, Lead 
acetate, Rosolic Acid, and halogen acids, the latter for carbonates. Of 
these Potassium hydroxide was perhaps the least satisfactory, as it is 
difficult to find the proper concentration of this reagent to give a definite 
reaction. Barium hydroxide reacts well with insect blood, yielding aii 
amorphous precipitate. Lead acetate when applied directly will 
precipitate some of the blood proteins in addition to the carbon dioxide. 
When used with a micro- still, however, it is more effective and con- 
clusive. I have used it as follows: A few drops of insect blood arc- 
caught on glass wool in a small glass or porcelain crucible, over which is 
/placed a slide with a hanging drop of Lead acetate. Gentle heating 
releases the carbon dioxide, which forms Lead carbonate with the 
reagent. 
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As in the incinerations of insects for copper, crayfish blood was used 
;•; a control, with identical results. It seems then that in the latter the 
v-mocyanin serves as a carrier for both oxygen and carbon dioxide, 
malogous to hemoglobin; and the presumption is that the same applies 
;o insect blood. 

Among other items, the Malpighian tubules of insects were studied 
as a possible exit for Carbon dioxide and carbonates. A number of 
experiments were made with the reagents mentioned on a variety of 
tubules, including those of bumblebees, larval and adult Dytiscus, 
Anax and Aeshna larvae, Belostoma, Enallagma, and others. In sum- 
mary, ten of eighty-one experiments showed positive results, the 
remaining seventy-one negative or doubtful. Even with a liberal 
allowance for error, these results are too insufficient to permit of any 
couclusions. 

Elsewhere I have offered the suggestion (L. c., p. 93) that at least 
in aquatic larvae the external chitin membrane may serve for the passage 
of carbon dioxide. This suggestion was based on some experiments on 
the permeability of the chitin membrane to gases, performed some years 
ago. However, this might apply to aquatic insects, it would not cover 
the conditions met in terrestrial stages. 

IV. The Role of Insect Blood. 

Hitherto our interpretation of the role of insect blood has been that 
the blood transports food, glandular products, waste, and pigments, 
and that it takes no part in the process of respiration. From the fore- 
going experiments it is evident that this interpretation must be amended 
to include respiration. 

That the blood is active in transporting foods can be readily shown 
in testing fed and starved insects. After a meal the blood shows a 
large supply of nitrates, nitrites, and phosphates, the latter depending 
on the quality of food, whether rich or poor in phosphates. In a starved 
specimen, not fed for three or more days, none or only traces of these 
substances are indicated. 

Glandular products include corpuscles, enz>Tnes, some foim of 
coagulin, and pigments. The pigments arc carried passively in the 
blood stream, to be elaborated during the pupal period. The enzymes 
present are chiefly of the oxidative, histolytic, and autobdic types. 
Here also should be placed hemocyanin and hemoglobin, the respiratory 
proteins. In what tissues or organs these are elaborated has not been 
ascertained. Coagulin in some form must also be present, as the blood 
of insects clots readily on exposure to atmospheric air. This clot is 
generally black, but brown in adult Dytiscus. Whether this coagulin 
originates as a zymogen of the prothrombin type, forming thrombin, 
and combining with fibrinogen to form fibrin, as postulated for mammal- 
ian blood, is unknown. 

Of gases the blood contains both oxygen and carbon dioxide, some 
probably dissolved in the blood scrum, the major portion held by the 
hemocyanin present. 
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Oil ihi^ liasis, the role of insect bl‘-;od may be summarized as folloi\ • 
The blood is inslrumcntal (1) in oirculalin^ food, (2) transportiii,, 
metabolic ],)roducts (cn?:\’mcs. pigments, etc.), (11) in respiration in tr 
distribution of oxyycn and removal of carbon dioxide. 

Be it noted that tlic last of these, the role in respiration, is not cor.- 
hned to aquatic lar^'^c alone — that is, larvae provided with blood »ills. 
On the cotitrary, the role of the blood is identical in all insects, rcgardlc'-s 
of the staj^e. For the tests respiratory proteins (oxidation and 
incineration) were perfonned on all t\’pes of insects, regardless ot' 
habitat, stage, and food habit of the species. 

V. Summary, 

1. Both oxygen and carbon dioxide are present in. insect 
blood, A small portion of these gases is probably dissolved in 
the blood scrum, the major portion is held by a respiratory 
lirotein. 

' 2 . A respiratory protein Avas demonstrated for all insects 
through reactions with oxidation tests for hemoglobin. Hemo- 
globin is possessed exclusively by Chironomid '“blood-Avorms” 
among insects. All other insects shoAv the presence of copper, 
which is inter])reted as forming the nucleus of another 
respiratory pigment, hemocyanin. 

5. This hemocyanin is possessed by all insects, regardless of 
stage, habitat, or food. The source of this copper AA^as shown 
to be the water, soil, and food plants. 

4. The role of insect blood is therefore, in addition to its 
recognized function of circulating food and metabolic products, 
to aid the tracheal system in the distribution of oxygen to the 
tissues and to remove the carbon dioxide. 
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The cost price has been largelx- met b}^ subscriptions from mcmlxTS, 
both as donations and as loans, the loans being secured by a debenture 
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